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COPEIA 


December 26 


The Status of the Turtles Graptemys pulchra Baur and Graptemys 
barbourt Carr and Marchand, with Notes on Their 
Natural History 


FRED R. CAGLE 


HE TURTLES of the genus Graptemys 

have long been a source of confusion to 
herpetologists. Misleading taxonomic and eco- 
logical conclusions based on fragmentary in- 
formation are a result of the extreme variation 
in morphology together with the inadequacy 
of the material available for study. 

The difficulty of collecting these turtles in 
quantity has prevented the accumulation of 
series in museums. Members of each species are 
shy and tend to inhabit deeper or faster flowing 
waters than do other Emydid turtles. Attempts 
to collect them on the Gulf Coast by net, trot 
line, and seine from 1944 to 1948 were unsuc- 
cessful. Not until a technique of hand collect- 
ing (Chaney and Smith, 1950) was developed 
could useful series be taken. A concentrated 
attempt was made during the summers of 
1949 and 1950 to collect samples from the major 
streams of Louisiana. Planned sampling is now 
in progress to develop a collection adequate for 
the solution of some of the many taxonomic 
and ecological problems. 

A preliminary study of more than 500 speci- 
mens from Texas, Louisiana, Mississippi, Ala- 
bama and Florida in the Tulane Collection and 
selected series in museum collections (United 
States National Museum, American Museum 
of Natural History, Chicago Natural History 
Museum, Museum of Comparative Zoology, 
University of Illinois Museum of Natural His- 
tory, Milwaukee Public Museum, Natural His- 
tory Museum of University of Minnesota) 
clearly indicates that the genus is more com- 
plex than has been generally recognized, that 
a number of new forms must be defined, and 
that proper clarification of the problems can- 
not be achieved with the materials now avail- 
able in museum collections. 

It is the intent of the author to follow the 
procedure established by Roger Conant in his 
analysis of the genus Natrix. Each species or 
complex will be treated as materials are avail- 
able for solution of the selected problems. 


These investigations are made possible by 
the enthusiastic field activities of a group of 
Tulane students. I am particularly grateful to 
A. H. Chaney, Clarence Smith, Paul Anderson, 
Ernest Liner, John Boley, Samuel Nichols and 
Richard Etheridge. 

Collections made by Tulane University sum- 
mer expeditions in 1949 and 1950 provided 422 
specimens of Graptemys pulchra and G. barbouri 
which were preserved and data were recorded 
in the field on 200 additional specimens that 
could not be retained. This material is used here 
as a basis for the description of three popula- 
tions of the two species. 

The following abbreviations are used: Cl. = 
carapace length; Cw. = carapace width; Pl. = 
plastron length; Hw. = head width; Av. = 
alveolar width (upper jaw). All measurements 
are maximum. 


Graptemys pulchra Baur 


Baur (1893) described pulchra from two 
turtles (USNM 8808) collected from a lake near 
Montgomery, Alabama by J. Bean and L. 
Kumlein in 1876. The description differentiates 
Grapetemys pulchra on the basis of (1) “The 
whole space between and behind the orbits 
is characterized by a continuous yellow figure, 
which sends backwards on each side behind 
each orbit a strong process of the same color.”’; 
(2) “In all the skulls examined the jugal is ex- 
cluded from the orbit, a character not seen in 
the other species of Graplemys or Malaclemmys.” 
Baur stated that the head resembles that of G. 
kohni but is more slender and the symphysis of 
the lower jaw longer. He added that the cara- 
pace is “very close” to that of G. kohni, the 
dermal shields are thin, the shell is light olive 
with yellow marks on the marginals, and some 
dark marks on the plastron. 

The following description is the result of a 
reexamination of one of the cotypes, USNM 
8808, female. Maximum carapace length 17.6 
cm., carapace width 13.9, plastron length 16.4, 
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plastron width 8.4, height 7.2, head width 3.2. 
Carapace shields crossed with network of yel- 
low (?) lines bordered with black. Ridge of 
carapace low, short; inconspicuous middorsal 
projection on the rear of the second vertebral. 
Plastron immaculate. Head conspicuously 
marked with a light zone covering the inter- 
orbital area and a zone posterior to the eyes 
equal in width or almost as wide as the dia- 
meter of the orbits; two bars, the upper the 
longer, project posteriorly from this light zone. 
Upper jaw darkened; the lower with a broad 
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of Graptemys pulchra and the western limits of 
the range of G. barbouri (Fig. 1). 

The second specimen (catalogued with No. 
8808; now USNM 029526) is a juvenile female. 
Maximum carapace length 17.8 cm., carapace 
width 12.7, plastron length 16.4, plastron width 
8.2. It differs from No. 8808 in having the 
spines of the vertebrals less elevated and the 
markings of the costals and marginals scarcely 
evident. The skull, removed by the former divi- 
sion of Comparative Anatomy and stored in 
the reptile division as No. 029526, has the 
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Fig. 1. Locality records and hypothetical distribution of Graptemys pulchra (solid spots and area enclosed 
by broken line) and G. barbouri (triangles and area enclosed by solid line). Numerals refer to the following 


rivers: 1, Amite; 2, Tangipahoa; 3, Bogue Chitto; 4, 
Chipola; 9, Apalachicola. 


light zone covering its rear half. Ventral surface 
of lower jaw with two longitudinal bars an- 
teriorly, an irregular pattern of light lines form- 
ing interrupted half-loops posteriorly. 

The specimen may have been taken from 
waters associated with either the upper reaches 
of the Alabama River which enters the Tensas 
River or one of the tributaries of the Escambia 
River which enters the Gulf of Mexico at 
Pensacola. In all likelihood the turtle may be 
associated with the Alabama drainage. Re- 
gardless of exact locality, the specimen was 
taken from near the eastern limits of the range 


Pearl; 5, Tombigbee; 6, Alabama; 7, Escambia; 8, 


jugal excluded from the orbit as Baur men- 
tioned and the alveolar surfaces but slightly 
broadened (skull width/alveolar width = 3.26). 
The greatly elaborated ridges and occipital 
shelves typical of larger females are not de- 
veloped. 

A second skull catalogued as No. 29526 and 
originally labeled ‘‘cotype” is probably the 
skull of a female of G. oculifera. The jugal 
broadly enters the orbit, the frontals project 
between the nasals to form a point, the alveolar 
surfaces are narrow, the parietals do not form 
a shelf projecting over the temporal opening 
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and the skull has the generally light archi- 
tecture of G. oculifera. The identification of 
this skull was questioned on the original tag 
by Stejneger. 

DESCRIPTION OF JUVENILES.—This descrip- 
tion is a composite drawn from ten juveniles 
from the Pearl River (Tulane 14001, 12361, 


5th vertebral. Each marginal has a wide semi- 
circular yellow black-bordered mark (Fig. 4). 
The 2nd, 3rd, 4th vertebrals have conspicuous 
spines. The height of the 2nd is equal to the 
length of the suture between the 1st and 2nd 
marginal. The spines are remarkably uniform 
in shape and height as contrasted with those 


12361 12111 


11642 12010 


Fig. 2. Variation in head markings of juveniles of Graptemys pulchra (Tulane University collections). 


12280, 11256, 12111, 11670, 12010, 11669, 
12192) that range in plastron length from 3.5 
to 4.9 cm. and are either hatchlings or turtles 
in their first: growing season. 

The head markings are exceedingly variable 
but in every turtle include a yellow interorbital 
zone and a large postorbital blotch with a 
distinct black border (Fig. 2). The postorbital 
blotch assumes varied shapes. It may cover 
an area approximating that of the orbit (Tulane 
14001) or it may form a branched figure (Tulane 
12111). In an occasional individual it is divided 
into a postorbital vertical bar and an oval 
blotch (Tulane 12010). The lateral head stripes 
may be continuous or broken to form oval 
spots. Usually there is a basic pattern of four 
or five black-edged yellow stripes interspersed 
with feebly defined striping (Fig. 2). 

The pattern of the ventral surface of the jaw 
is much less variable (Fig. 3, C). The yellow 
color of the horny jaw covering is extended 
posteriorly at the symphysis to form an in- 
verted T bordered laterally by longitudinal 
yellow lines. Posterior to these are two broad 
yellow lines which are usually joined centrally. 

The carapace is generally olive-green with 
faint indications of semi-circular or curved 
yellow markings on the costals. A well-defined 
middorsal stripe extends from the ist to the 


Fig. 3. Color pattern in juveniles of Graptemys. 
A and B, head and lower jaw of barbouri; C, lower 
jaw of pulchra. 


of Graptemys oculifera in which they are ex- 
ceedingly variable. The plastron is yellow ex- 
cept for a narrow black border on the posterior 
edge of each scute. 

The anterior surface of the forelimb has a 
yellow stripe extending onto each digit; that 
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to the 2nd is the wider. Each stripe is black 
bordered. Similar striping is present on the 
rear limb. The stripes are variable in that they 
may unite to form Y shaped marks or may re- 
main independent. There is no evident trend 
in this series. 

The projecting rear corners of the 5th to 
12th marginals give the edge of the carapace a 
serrate appearance. The carapace width about 
equals the length in the hatchlings. 

In 13 individuals of the size group 4-5 cm. 
the plastron length/head width is 3.40-4.00; 
the head width is 3.85-4.60 that of the alveolar 
width. 

DESCRIPTION OF MALES.—This composite 
description is based on four males (Tulane 
13447, 13798, 12055, 13459) ranging in plastron 
length from 7.6 to 8.4 cm. 

All markings are as distinct as those of the 
juveniles. The major changes that have oc- 
curred are in body proportions and carapace 
outline. The carapace is elongate (Cl./Cw. = 
1.23-1.27) and only the posterior marginals 
(8-12) form a serrate border. The spines of the 
ist and 4th vertebrals are lost and those of the 
2nd and 3rd are reduced (height of 2nd = 4 
to 24 length of suture between ist and 2nd 
marginal). 

The head is broadened (Pl./Hw. = 4.61- 
4.91) and the alveolar surfaces expanded (Hw./ 
Aw. = 3.85-4.06) proportionately. 

The plastron length of the largest male is 
11.72 cm.; of the smallest mature male, 8.9. 

DESCRIPTION OF FEMALES.—Three individu- 
als from the Pearl River (Tulane 12056, 12486, 
11900) have respective plastron lengths of 13.3, 
17.0 and 19.5 cm. The smallest individual is a 
juvenile; the others are sexually mature. The 
color patterns of the 2 smaller individuals are 
similar to that of the juveniles described except 
that the black borders of the plastral sutures 
are reduced in No. 12056 and are but faintly 
visible on the pectoral and humeral scutes. The 
largest individual, No. 11900, has the original 
pattern of the head markings almost obliter- 
ated by the development of black pigment. 
The interrupted outlines of the pattern is still 
apparent (Fig. 5). The markings of the lower 
jaw are not obscured. 

The carapace is not much wider posteriorly 
(maximum width into maximum length: 1.30, 
1.38, 1.42) and the spines typical of the juve- 
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niles are reduced to ridges on the 2nd and 3rd 
vertebrals, 

The head is conspicuously broadened in the 
largest female (No. 11900) and, in relation to 
width of the carapace, is the widest head ob- 
served for any individual of the genus. The 
plastron length is 3.54 to 4.16 times the head 
width in the smaller individuals, but is 3.18 in 
the largest female. The alveolar surfaces have 
a greater proportionate width in the large 
females (Hw./Aw. = 3.09, 3.76, 2.93). The 
edges of the upper jaw are much thickened and 
rounded. The downward projecting section of 
the upper jaw is 9 mm. in thickness in the largest 
female. The tip of the lower jaw is somewhat 
pointed and fits within the upper. 

Five females from the Escambia River (Tu- 
lane 13457, 13446, 13460, 13459, 13472) differ 
from those from the Pearl River in that the 
markings of the lower jaw tend to be broken 
into erratic lines that constitute a longitudinal 
pattern in some and a transverse one in others. 

The skull of a female (Tulane 13472, Escam- 
bia River) is typical of large individuals. Its 
most conspicuous difference from those of other 
species of Graptemys is the exclusion or near 
exclusion of a jugal from the orbit (Fig. 6), a 
feature noted by Baur in his description. In 
this specimen the jugal is separated from the 
orbit on the left side by a downward extension 
of the postorbital; on the right side the jugal 
sends a branch forward which almost reaches 
the edge of the orbit. In general configuration 
and the development of ridges, processes and 
spines the skull approximates closely that of 
Graptemys barbouri. It is different in the greater 
thickness of the edge of the upper jaw, the 
greater space between the maxillaries, and the 
reduction of the prootics. It differs from the 
skulls of the Graptemys pseudogeographica group, 
the G. versa group and G. oculifera in many 
respects. These will be discussed in a forthcom- 
ing report. 

RANGE.—Mapturiles have been collected in 
the Pearl River from the town of Pearl River, 
Louisiana, northward to a section of the river 
west of Varnado, Louisiana. They have also 
been collected from a tributary of the Pearl, 
the Bogue Chitto, near Enon, Louisiana, and 
the Escambia River in western Florida (Fig. 1). 
They are much more abundant in the Pearl 
River than in the Bogue Chitto, if counts of 
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individuals on basking sites and collecting re- 
sults are acceptable indications of relative abun- 
dance. None were found in the Amite and 
Tangipahoa Rivers or observed at basking 
sites. Their absence in these rivers is puzzling 
since the habitat is apparently suitable. Al- 
though more than 1200 specimens of Graptemys 
have been taken from 21 localities in Louisiana 
and Mississippi in the last 4 years, G. pulchra 
has not been collected west of the Bogue Chitto. 
Too, examination of many thousands of hatch- 
ling turtles from central Louisiana, purchased 
for the pet trade, has never revealed a specimen 
of G. pulchra and the dealers do not know the 
turtle. It thus appears that the Pearl River 
drainage forms the western limit of the range 
for this species as it does for Graptemys oculifera. 

As striking and puzzling as the abrupt de- 
limitation of the distribution of Graptemys 
pulchra and its absence from an apparently 
suitable habitat in a closely adjacent drainage 
is the total absence of any representative of the 
G. pseudogeographica group from the Pearl 
River drainage or the Gulf Coast rivers to the 
east. The records of Baur (1892) from Pensa- 
cola, Florida, are based on specimens shipped 
by Gustave Kohn from New Orleans and pur- 
chased in the local French Market (Beyer, 
1900) and cannot be accepted without further 
verification. The explanation of these distribu- 
tion patterns rests on a knowledge of the ecol- 
ogy not yet available and, although speculation 
may be entertaining, it would contribute noth- 
ing here. Carr (1952: 212) states in regard to 
G. pulchra “It is possible that this turtle inter- 
grades with G. p. kohknii in Mississippi and 
Louisiana. It seems more likely, however, that 
intergradation with oculifera will be found, 
provided the latter proves to be valid.” There 
is no evidence in support of either conjecture. 

Hasitat.—The Pearl River has a shallow 
channel with a sand and gravel bottom. The 
fast current causes fluctuations in depth, with 
sand bars building and disappearing rapidly. 
The meanders have steep outer and gently 
sloping inner banks of fine sand and gravel. 
The inner banks provide an excellent habitat 
for a variety of clams and snails and near ideal 
egg-laying sites for some turtles. 

The mapturtles live in the slower currents 
in the deeper waters and venture into the shal- 
low water or onto sand beaches only at night 


or during the egg-laying season. They choose 
logs or debris over deep water for basking and 
from such sites plunge into the water at the 
slightest disturbance. Basking individuals can 
be observed satisfactorily only with the aid of 
binoculars or a telescope. 

The turtles usually remain in the same area 
of water at night. Collectors found that the 
best method of selecting a spot for night work 
was to survey the river for basking sites. A 
return to such places at night yielded excellent 
results while other areas were explored unsuc- 
cessfully. 

The turtles are easily observed at night as 
they cling to submerged objects a few inches 
below the water surface. They appear to be 
resting quietly (sleeping?) and may be picked 
up, if extreme caution is used in approaching 
them or if they are approached very rapidly. 
The most successful collecting team, Mr. A. H. 
Chaney and Mr. Clarence L. Smith, owe their 
success to skill in coordinating movements. 
One operated an outboard motor, directing 
the rapidly moving boat over a resting turtle 
so that it could be reached by the other. The 
preferred resting sites of the mapturtle are 
frequently the half submerged branches of 
locust trees. Success is often the consequence 
of permitting enthusiasm to override the pains 
of thorns penetrating the flesh. 

GrowTH.—All growth determinations were 
made from the analysis of growth rings using 
the procedure described by Cagle (1946). 

The plastron lengths of the hatchlings is 
2.15-3.53, mean 3.02 cm., as calculated from 
the measurements of the birth rings of 29 in- 
dividuals one to two years old. The calculated 
sizes for subsequent years follow: ist year 
3.53-5.14, mean 4.37 cm. (29 individuals); 
2nd, 4.56-5.93, mean 5.11 (21); 3rd, 5.60-6.57, 
mean 6.09 (6); 4th, 6.32-6.90, mean 6.74 (3, 2 
of them mature males). d 

Of the nine sexually mature males examined, 
the smallest had a plastron length of 7.12 cm. 
The latter, in its fourth season of growth, was 
the only one of the nine that retained growth 
rings distinct enough to be measured. This 
animal was 2.67 cm. at hatching, 4.45 at the 
end of the first season, 6.05 at the end of the 
second and 6.60 at the end of the third. The 
smaller males had grown slightly during the 
last growing season; the larger ones had no 
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evidence of recent growth. All males larger than 
7.12 cm. were sexually mature. 

The smallest sexually mature female had a 
plastron length of 17 cm. and it was assumed 
that all females above that size are sexually 
mature. Of the six juvenile females in the size 
range 10-15 cm., only one (Pl. 10.3 cm.) had 
grown during the 1950 season. A juvenile 
female (Pl. 6.80 cm.) from the Pearl River 
was 2.27 cm. in length at hatching, 4.24 at the 
end of the first growing season and 5.93 at the 
end of the second. A larger juvenile female from 
the Escambia River (Pl. 14.7 cm.) had grown 
rapidly, having increments of 6 mm. and 13 
mm. for the last two seasons. 

BREEDING Hasits.—Two of the larger indi- 
viduals contained eggs. One collected from the 
Pearl River, June 8, 1951, plastron length 17.0 
cm., had 2 eggs in the left oviduct and one in 
the right. These measured respectively: length 
4.27, 4.73, 4.60 cm.; width 2.58, 2.70, 2.50 cm. 
The right ovary had three ovulation points 
(corpus luteum, corpus albicans), the left, none. 
There were three enlarged ovocytes (0.8, 0.9, 
2.05 cm. in diameter) in the left ovary and 
three (1.4, 2.1, 2.2 cm. in diameter) in the right. 
This was thus the first clutch of eggs of the 
season. 

A female, plastron length 20.7 cm., collected 
July 15, 1951, from the Escambia River con- 
tained six eggs, two in the left oviduct and 
four in the right. Five of the eggs measured 
respectively: lengths 3.80, 3.87, 3.96, 3.98, 4.0 
cm.; widths 2.42, 2.42, 2.43, 2.50, 2.47 cm. 
The right ovary had eight ovulation points 
and no enlarged ovocytes, the left six ovulation 
points and no enlarged ovocytes. This female 
had produced a total of 14 eggs that season, 
eight in the first clutch (or clutches) and six in 
the last. 

Foop.—A separate study is in progress on 
the food habits of the mapturtles. A cursory 
analysis of the stomach contents of two males 
from the Pearl River indicated that only the 
remains of insects were present. The intestinal 
contents of a juvenile female from the Pearl 
River and two adult females from the Escam- 
bia River included only fragments of clams and 
snails. Some of the shell fragments were 38 
mm. in length and 1.6 mm. in thickness. 


Graptemys barbouri Carr and Marchand 
Graptemys barbouri was described (Carr and 
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Marchand, 1942) from specimens taken in the 
Chipola River, north of Marianna, Florida. 
Carr and Marchand did not report characters 
differentiating Graptemys barbouri from Grap- 
temys pulchra but stated “With respect to head 
markings barbouri is most closely approached 
by the type specimens of the neglected but pos- 
sibly valid pulchra, described by Baur from 
Montgomery, Alabama. However, photographs 
and sketches of the type (United States Na- 
tional Museum 8808), kindly furnished by Doc- 
tor Stejneger, appear to demonstrate that in 
other respects pulchra agrees most closely with 
pseudogeographica and is very different from 
barbouri.” Carr and Marchand believed that G. 
barbouri is most closely allied to kohni. They 
(op. cit.: 98) distinguished barbouri from all 
other species of Graptemys by the “excessively 
enlarged heads and expanded alveolar pavement 
of the jaws and by the nature of the markings 
of carapace and plastron.” 

A series of 393 individuals from the Chipola 
River was available for the present study. 

DESCRIPTION OF JUVENILES.—This descrip- 
tion is based on ten individuals (Tulane 
13338-6, 13363-9, 13363-3, 13363-8, 13363-12, 
13363-5,  13363-6,  13363-16, 13363-14, 
13338-3) in their first season of growth (plas- 
tron length 3.6-4.9 cm.). The head markings 
consist of a light yellowish green interorbital 
zone which is interrupted by a Y-shaped black 
mark just posterior to the orbits. A branch 
from the interorbital zone extends downward 
to a point under the eye. The width of the 
postorbital marking may be as little as one 
fourth of or equal to the diameter of the orbit. 
Below this mark a wide yellow line extends 
along the neck to enter the area at the juncture 
of the jaws. This line may be broken posteriorly 
or joined by vertical lines extending upward. 
A second wide, longitudinal line may or may 
not join the former at its point of extension 
onto the lower jaw (Fig. 3A). 

The lower jaw is distinctively marked by a 
pattern of transverse lines (Fig. 3B). A poorly 
delimited black zone borders the light horn 
colored edge of the jaw. Immediately behind 
this is a wide yellowish transverse band. Two 
black lines enclosing a narrower light zone are 
posterior to this. The ventral surface of the 
neck is dominated by two wide light lines that 
join just posterior to the symphysis of the 
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jaw. The rami of this figure enclose a midven- 
tral, light line. The background color of the 
head and neck is black. 

The carapace is olive-green to dark horn. 
Each of the costals and marginals have a nar- 
row semicircular, black bordered stripe. These 
markings are inconspicuous in most individuals. 
The 2nd and 3rd vertebrals have prominent, 
black-tipped spines. Their height may be equal 
to three fourths the length of the suture be- 
tween the 1st and 2nd marginal. The ist and 
4th vertebral may have a low spine or merely 
a ridge. The spines, not well developed on these 
scutes in any individual, are black tipped 
(Fig. 4). In the smaller individuals the entire 
edge of the carapace is serrate as a result of the 
projection of the posterior margin of each 
marginal. The projections of the 1st to the 6th 
marginal are lost in the larger individuals of 
the series, leaving only the posterior border of 
the carapace serrate. 

The plastron is yellow and without markings 
except for a narrow border of black on the 
rear edge of each scute. The most striking 
feature of the plastron is the development of 
a ridge on the abdominal and pectoral plates 
where they enter the bridge. The ridge, which 
may be elevated 2 mm. above the middle of 
the plastron, gives it a configuration unlike 
that of Graptemys pulchra (Fig. 4). In many 
individuals the pectoral and abdominal plates 
may bear a distinct spine-like projection which 
accentuates the ridging. This projection is 1.5 
mm. in length in specimen No. 13338-6. Asso- 
ciated with the lateral ridge is the large distance 
between the plane of the edge of the carapace 
and the plane of the plastron (Fig. 4). This 
distance, measured vertically from the juncture 
of the 6th and 7th marginal with the edge of 
the plastron to a line drawn through the plane 
of the plastron, is about equal to the length of 
the suture between the pectoral and abdominal 
plates. 

The anterior surface of the front legs has two 
wide yellow bands originating on the 2nd and 
4th tods; the lower band is 2 to 3 times the 
width of the upper. A third band between 
these two is sometimes well developed. 

The axillary and inguinal plates are visible 
from the lateral view. 

DESCRIPTION OF MALEs.—This description 
is based on ten males (Tulane 13312, 13486, 


13410-66, 13410-68, 13410-65, 13410-58, 
13410-12, 13410-57, 13410-64, 13410-3) rang- 
ing in plastron length from 6.9 to 9.6 cm. The 
smallest individual (No. 13312) was in its first 
season of sexual maturity. The largest male 
collected has a carapace length of 10.5 cm. 
The color pattern differs from that described 
for juveniles in the loss of the yellow rings on 
the costals and marginals and the black borders 
on the plastral plates in the larger males. 
Melanistic, diagonal, streak-like areas are pres- 
ent on the costal plates of several turtles; 


Fig. 4. Shell of Graplemys barbouri (upper) and 
G. pulchra (lower). 


an occasional large male may retain the juve- 
nile color pattern. 

The carapace is elongate (Cl./Cw. = 1.18- 
1.36) and only the posterior marginals (9-12) 
form a serrate border. The spines of the 1st 
and 3rd vertebrals are lost and those of the 2nd 
and 3rd are reduced (height of 2nd = -¥4 to 4 
length of suture between ist and 2nd margi- 
nals). In the larger males the spine of the 3rd 
is represented only by a low ridge. 

The plastron length is 4.73 to 5.80 times the 
head width (male in its 1st season of maturity 
is 4.73), and the head width is 3.15 to 3.80 
times the alveolar width. 

DESCRIPTION OF FEMALES.—This description 
is derived from a study of 112 individuals (48 
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young, 64 adults), but is specifically based on 
ten specimens (Tulane 13879-4, -5, -7, -9, -12, 
-16, -23, -26, -50, -77). The largest specimen 
has a plastron length of 27.1 cm. (Cl. 32.0). All 
are from the Chipola River. 

The females retain the juvenile color pattern 
until they reach a plastron length of about 20 
cm. Larger females tend to lose the carapace 
markings and the head pattern is gradually 
obliterated by the intrusion of black pigment 
(Fig. 5). The largest females retain but faint 
indications of the head pattern but do tend to 
retain the distinctive transverse bar on the 
lower jaw. This mark may be interrupted with 
black in very large females but it remains evi- 
dent. 


Fig. 5. Head of large female of Graptemys bar- 
bourt (upper) and G. pulchra (lower). 


The carapace is flared posteriorly (maximum 
carapace width into the carapace length in 10 
mature females is 1.18-1.46) and the spines 
of the vertebrals are reduced. There is no cor- 
relation of their reduction with the size of the 
turtle. Juvenile females may have the spines 
more reduced than the largest individual. One 
female (Pl. 22.6 cm.) has the spines of both 
the 2nd and 3rd vertebrals still evident (height 
= 14 that of suture between the ist and 2nd 
marginal). 

The head is proportionately much broader 
than in the males. In 16 adult females (Pl. 
18.0-25.5 cm.) the plastron length is 3.43-4.68 
times the head width; the carapace width is 
2.71-3.03 times the head width. The alveolar 
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surfaces have a greater proportional width 
than in any other turtle (Hw./Aw. = 2.42- 
2.81). The cutting edge of the lower jaw is 
abraded so that it does not project beyond the 
alveolar pavement. The downward projecting 
edge of the upper jaw is thickened but, in most 
individuals, retains a cutting edge. 

Many of the females have the lower jaw 
projecting 2 to 5 mm. beyond the upper (Fig. 
5). This development is not clearly correlated 
with the size of the head. It is not characteristic 
of all the large females and it is evident in 
several smaller ones (Pl. 21.1, 22.4, 21.1 cm.). 

A single female (Tulane 13471; Pl. 22.4 cm.) 
from the Escambia River is not different from 
the Chipola River females. A juvenile female 
from Baker County, Georgia, collected Novem- 
ber 1, 1901 (University of Minnesota Museum 
of Natural History, No. 512; Pl. 13.7 cm.) is 
different from Chipola River specimens of the 
same size in that it has lost the juvenile head 
and carapace markings. 

The skull of a large female (Pl. 23 cm.) is 
typical of a series of 12 examined. The skull is 
short and broad (Fig. 6); its maximum width 
is equal to the distance from the condyle to 
the tip of the premaxilla. The orbit is small; 
its maximum diameter is equal to that of the 
tympanum. The most conspicuous features are 
the much broadened maxillae and the develop- 
ment of ridges and projecting shelves on the 
occipital spine, the squamosal, the parietals 
and the postfrontals. The maxillae are broad- 
ened to the extent that they are separated in 
the midline only by a narrow portion of the 
vomer. Their height below the orbits is equal 
to the minimum width of the zygomatic arch. 
The frontals do not extend between the nasals 
(as they do in Graptemys oculifera) and the 
postfrontals and parietals have their rear edges 
produced into a thin shelf extending over the 
temporal openings. The occipital process has 
a thin laterally projecting shelf. The squamosal 
is produced and extended along its upper sur- 
face to form a sharp ridge. 

The skull features reflect the need for mas- 
siveness and multiple fastenings for the power- 
ful jaw muscles of an animal whose feeding 
habits demand the crushing of hard objects. 

RANGE.—Turtles of this species have been 
reported from the Chipola River and from 
Ichauwaynochaway Creek (tributary of the 
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Flint River), Baker County, Georgia (Cren- 
shaw and Rabb, 1949) (Fig. 1). A specimen in 
the Museum of Zoology, University of Michi- 
gan (No. 100689) was collected by John W. 
Crenshaw, Jr., in the Flint River, Newton, 
Baker County, Georgia, January 28, 1950. 
This turtle falls within the range of variation 
observed in the Chipola River population. 
Tulane field crews found this turtle abundant 
in the Chipola River but collected only a single 
individual from the Escambia River. Intensive 
collecting in the Pearl River has failed to pro- 
duce this species. The Alabama and Tombigbee 
Rivers have not been examined for mapturtles. 
The distribution may be limited to those river 
systems from the Escambia to the Apalachicola. 
No records are available from upper parts of 


0.57 cm. in plastron length during that season. 
Of the 105 adult males examined only five re- 
tained measurable growth rings. One with a 
plastron length of 7.02 was in its 3rd growing 
season and had these plastron lengths: hatching, 
2.01; end of 1st season, 3.09; end of 2nd, 5.74. 
A second turtle in its fourth season had a 
plastron length of 7.33 cm. and the following 
growth history: hatching, 2.35 cm.; 1st season, 
3.53; 2nd 5.8; 3rd, 6.78. Similarly, another 
male in its third season had this growth his- 
tory: hatching, 1.76 cm.; ist season, 4.25; 
2nd, 6.15. Only 21 of the remaining 99 males 
had any evidence of recent growth. Their 
plastron lengths ranged from 8.6 to 10.2 cm. 
The smallest male that showed no evidence of 
recent growth had a plastron 8.8 cm. long. 


Fig. 6. Lateral, dorsal and ventral views of the skull of Graptemys barbouri (upper) and G. pulchra 


(lower). 


the Gulf Coast river systems but it is believed 
that turtles are present (Fig. 1). 

GrowtTH.—The plastron length of hatchlings 
is 1.76-3.11 cm., mean 2.59 cm. as calculated 
from the birth rings of 26 individuals one to 
three years of age. The calculated sizes for 
subsequent years are: 1st year, 3.09-5.1, mean 
4,36 cm. (38 individuals); 2nd year, 4.94-6.50, 
mean 5.89 cm. (7); 3rd year, 6.78-9.09, mean 
7.86 cm., (5); 4th year, 9.63-10.22, mean 9.93 
cm. (2). 

The smallest sexually mature male, 6.9 cm. 
in plastron length, was 2.68 cm. long when 
hatched, 4.35 at the end of its 1st growing 
season, 5.33 at the end of the 2nd, 6.33 at the 
end of the 3rd. It was in the 4th season when 
collected (July 14, 1951) and had increased 


Of 29 females (Pl. 13.0-22.0 cm.) examined 
by dissection the smallest sexually mature 
individual had a plastron length of 17.6 cm. 
Only one female in excess of this length (PI. 
18.2 cm.) had traces of recent growth in the 
plastral rings. In contrast, juvenile females 
grew rapidly. Of 37 (Pl. 7.45-15.8 cm.), 23 had 
measurable growth rings. The growth history 
of one of these (Pl. 9.84 cm.) could be traced 
from birth: size at hatching, 1.93 cm.; Ist 
season, 4.94; 2nd, 6.15; 3rd, 8.13. The growth 
history of another (Pl. 10.93 cm.) was as fol- 
lows: ist season, 4.10 cm.; 2nd, 6.50; 3rd, 9.09; 
4th, 10.22. These growth rates are closely com- 
parable to those of the juvenile males. The other 
21 showed growth zones for only the season in 
which they were collected. Of these, one (PI. 
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9.4 cm.) had increased 14 mm.; nine in size 
group 10-11 cm. had increased 2-14 mm.; two 
in the size range 11-12 had increased 9-10 
mm.; six in the size range 12-13 cm. had in- 
creased 4-15 mm.; and three in the size range 
13-14 had increased 7-21 mm. 

BREEDING Hasits.—Dissection of 25 females 
in the size range 20.4-25.0 cm. yielded 105 
oviducal eggs. Some of the females had deposited 
earlier clutches since ovulation points (corpus 
luteum or corpus albicans) were present in excess 
of the number of oviducal eggs. One female 
(Pl. 24.0 cm.) had three oviducal eggs and 
eight ovulation points; another (Pl. 24.2 cm.) 
had nine oviducal eggs and eighteen ovulation 
points. Too, additional broods would probably 
have been deposited. Some females containing 
oviducal eggs also had 4-33 ovocytes in excess 
of 1 cm. in diameter. The total number of eggs 
that each female may have deposited could be 
determined for seven individuals as follows: 
Pl. 20.4 cm., 21 eggs; 22.3 cm., 11 eggs; 23.0 
cm., 17 eggs; 23.5 cm., 25 eggs; 24.0 cm., 15 
eggs; 24.0 cm., 14 eggs; 24.2 cm., 51 eggs. The 
number of oviducal eggs was 4 to 11. 

Of 105 oviducal eggs, 46 had the shell so 
nearly complete that valid measurements could 
be made. These were 3.10-4.04, mean 3.71 
cm., in length and 2.22-2.93, mean 2.59 cm., 
in width. The largest eggs (length 3.69-4.04, 
mean 3.86 cm.; width, 2.65-2.93, mean 2.61 
cm.) were removed from the female containing 
11 eggs; the smallest eggs (length 3.10-3.68, 
mean 3.45 cm.; width 2.36-2.55, mean 2.48 
cm.) from a female containing six. 

Foop.—Three quarts of the fecal material 
of 38 large individuals of both sexes included 
only fragments of snail shells and an occasional 
fragment of clam shells. About 95 per cent 
was composed of broken or entire snail shells. 


THE CHIPOLA RIVER POPULATION 


Hand collecting in the Chipola River, July 
12-14, 1950, yielded 393 Graptemys barbouri, 
2 Pseudemys scripta scripta, 1 Pseudemys flori- 
dana mobilensis, 2 Sternotherus minor, and 1 
Macrochelys temmincki. Observations of turtles 
on basking sites indicated that Pseudemys was 
somewhat more abundant than suggested by 
the results of hand collecting. The collecting 
procedure used (Chaney and Smith. 1950) 
was undoubtedly selective for Graptemys. These 
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turtles were usually grouped in areas of deeper 
water where basking sites as well as submerged 
vegetation or debris were present. 

Of the 248 individuals from the Chipola 
River studied in the laboratory, there were 31 
juveniles (sex not determined), 105 males, 48 
juvenile and 64 adult females. The ratio of 
females to males was 112:105, not a significant 
deviation from a 50:50 sex ratio. When sexually 
mature individuals only are considered, the 
ratio of females to males is 64:105. Turtles were 
identified as juvenile females whenever the 
male secondary sex characteristics were absent 
in the size range in which males are known to 
be mature. 

The small number of turtles in their first 
and second season of growth is unusual in a 
late summer reptile population. This may be 
a result of the collecting technique as larger 
turtles appeared to respond more to the stimu- 
lus of the outboard motor operation than did 
the juveniles. Too, the low percentage of such 
individuals may be attributed to a high mortal- 
ity rate of juveniles combined with a late egg- 
laying season. The large females examined had 
oviducal eggs or enlarged ovocytes still present. 
None had probably deposited more than one 
clutch during the season. 

The 23 males in the 10-11-cm. size group and 
many of the females larger than 24 cm. had 
many signs of old age: deposition of black pig- 
ment, development of irregular plastral sutures, 
thickening and erosion of the carapace and 
plastron. 

The adult females of this population may 
produce an average of 22 eggs per season (or, 
if the exceptionally productive female deposit- 
ing 51 eggs be omitted, 17.1 eggs per season). 
In this population, then, there was a potential 
addition by late October of 5.68 hatchlings for 
every individual present in July. 


Tue EscAMBIA RIVER POPULATION 


Collecting in the Escambia River, July 15 
and 16, 1950 was difficult because of high water, 
but six mapturtles were taken. One of these 
(Tulane 13471) was a large (Pl. 22 cm.) female 
Graptemys barbouri containing eggs. This turtle 
could not be differentiated from the large fe- 
males taken in the Chipola River and represents 
a western extension of the range. The other 
five turtles were Graptemys pulchra, These 
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differ from those of the Pearl River primarily 
in the greater irregularity of the markings on 
the lower jaw. 


Tue PEARL, RIveR PoPULATION 


Hand collecting in the Pearl River and one 
of its tributary streams, the Bogue Chitto 
River, produced 110 Graptemys pulchra and 58 
G. oculifera. Of 98 G. pulchra collected in the 
Pearl River, there were 75 juveniles (sex not 
determined), 12 adult males, 6 juvenile and 5 
adult females. In 26 collecting hours along 5.6 
miles of the Pearl River, June 1-7, 1950, the 
following turtles were taken: 64 Graptemys, 9 
Pseudemys s. scripta x troosti, 4 Pseudemys 
floridana mobilensis, and 4 Sternotherus cari- 
natus. 

The sample of Graptemys pulchra differs 
much in composition from that of Graptemys 
barbouri from the Chipola River. There is a 
great probability that this is only a reflection 
of the different collecting methods employed. 


THE RELATIONSHIPS OF Graptemys pulchra AND 
G. barbouri 


These two species are similar in color pattern, 
in general appearance and particularly in that 
the females develop wide heads and much 
broadened alveolar surfaces. Characteristics 
shown by juveniles may be contrasted as fol- 
lows: 


Leg band from base of 
2nd toe not more than 
14% times width of 
other leg bands. 

With 2 or 3 lines on ven- 
tral surface of rear 


leg. 
Spines well developed on 
2nd, 3rd and 4th 


vertebrals. 


No spine-like projections 
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Leg band from base of 
2nd toe expanded to 
2-3 times width of 
other leg bands. 

No uninterrupted lines 
on ventral surface of 
rear leg; lines broken. 

Spines developed on 2nd 
and 3rd_vertebrals; 
only a low ridge on 
4th 


Spine-like projections 


Grapltemys pulchra 


Postorbital color not ex- 
tending between 
horny sheath of upper 
jaw and eye. 

Postorbital blotch often 
with posterior projec- 
tions; no Y-shaped 
black mark. 


Ventral surface of jaw 
with longitudinal 
yellow mark at sym- 
physis. 

With 13-14 light longi- 
tudinal lines on neck 
from middorsal line to 
level of angle of jaws. 

Middorsal black 
from ist vertebral 
along spines and 
across 4th. 

Semicircular markings 
on upper surface of 
marginal wide as 4 
length of marginal- 
costal suture. 


Graptemys barbouri 


Postorbital color usually 
extending anteriorly 
between horny sheath 
of upper jaw and eye. 

Postorbital blotch with- 
out posterior projec- 
tions; a Y-shaped 
black mark on rear 
part of blotch. 

Ventral surface of jaw 
with transverse yel- 
low band. 


With 6-7 lines in same 
region. 


No middorsal line, but 
spines black or brown 
tipped. 


Semicircular markings 
present or absent; if 
present are narrow 
and no wider than 
length of marginal- 
costal suture. 


from pectoral and ab- well developed. 
dominal scutes at 
bridge. 

Distance between plane Distance equal to length 
of plastron and that of suture. 


of marginal edges one- 

half or less than length 

of suture between pec- 

toral and abdominal 

scutes. 

The males retain the color pattern differences 
shown by the juveniles. The differences in the 
color markings of the marginals are accentu- 
ated. The yellow markings of the males of G. 
pulchra are expanded to form a yellow outer 
edge on each marginal except the first. These 
markings are lost in barbouri and do not form 
a yellow outer edge on the marginals. 

The females also retain the color pattern 
differences exhibited in the juveniles. The fol- 
lowing is a comparison of two females, Grap- 
temys pulchra (Tulane 11900) Cl. 21.5 cm., Pl. 
19.5 cm., Cw. 16.5 cm., Hw. 6.75 cm.; G. 
barbourt (Tulane 13879-23) Cl. 25.3 cm., Pl. 
22.5 cm., Cw. 18. cm., Hw. 5.7 cm. 

The most striking difference is the much 
greater width of the head in Graptemys pulchra. 
The head width (41 percent of carapace width) — 
lends this specimen an appearance unlike that 
of any other American species. The spines of 
the example of G. barbouri are more elevated, 
but this may be due to the fact that it is a 
younger turtle. Due to its wider posterior mar- 
ginals the carapace flares posteriorly in G. bar- 
bouri; this is not true of pulchra. In barbouri the 
suture between the 8th and 9th marginal equals 
the length of the 8th marginal at its outer edge; 
in pulchra the suture is three fourths of this 
length. The downward projecting lip of the 
upp’ jaw is thickened (9 mm.) and abraded in 
puwnra; it is thinner (6 mm.) and sharp edged 
in barbouri. The skulls of these forms are essen- 
tially similar. 

The similarity of these two species in many 
aspects of their morphology and ecology, their 
differences from other members of the genus, 
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and the pattern of their distribution suggest 
that they have evolved from a common form, 
each becoming modified during an unknown 
period of isolation. Comparison of the intestinal 
contents of the specimens of Graptemys barbouri 
and G. pulchra from the Escambia River sug- 
gests that they may be different in their food 
preferences. The intestine of barbouri contained 
snail shells almost exclusively; that of pulchra 
almost exclusively clam shells. 

Research in progress on the structure of the 
skulls and the ecology of these turtles promises 
to furnish material essential to an interpreta- 
tion of their origin and evolution. The ranges 
are inadequately defined. Workers in Alabama 
and Georgia can contribute much needed in- 
formation by collecting turtles of these species. 
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Thyroxin-Induced Metamorphosis of the Neotenic Salamanders 
Eurycea tynerensis and Eurycea neotenes 


James KEzER 


NE OF the interesting apsects of recent 

work on the plethodontid salamanders has 
been the discovery of a number of neotenic 
species within this family. Prior to the finding 
of Eurycea neotenes by Bishop and Wright in 
1936, the only known neotenic member of the 
Plethodontidae was the Texas blind salaman- 
der, Typhlomolge rathbuni. Since that time the 
discovery of neotenic plethodonts has proceeded 
with rapidity; a total of eight species, appar- 
ently unable to metamorphose under natural 
conditions, are now known. 

Five of these occupy restricted areas at the 
eastern edge of the Edwards Plateau in central 
Texas (Eurycea neotenes, E. nana, E. latitans, 
E. pterophila and Typhlomolge rathbuni); two 
inhabit portions of the Ozark uplift in Okla- 
homa, Arkansas, Kansas and Missouri (Eurycea 
tynerensis and Typhlotriton nereus); the re- 
maining species, the amazing Haideotriton wal- 
lacei, is known from a single specimen taken 
from a well in Dougherty County, Georgia. 


To this list of neotenic species there must be 
added the neotenic specimens of Eurycea multi- 
plicata discovered by Dundee (1947) in a small 
stream in Cherokee County, Oklahoma, and 
also those mentioned by Bishop (1944). The 
predominating presence of members of the 
genus Eurycea is evident in this list and it is 
interesting to observe that four of these neotenic 
species (Eurycea latitans, Typhlotriton nereus, 
Typhlomolge rathbuni and Haideotriton wallacei) 
show varying degrees of adaptation to the 
cave habitat. 

In order to understand clearly the taxonomic 
situation regarding these neotenic species, it is 
well to remember that some of them are very 
closely related. This is particularly true of 
Eurycea neotenes, E. latitans and E. pterophila. 
Moreover, Typhlotriton nereus can be distin- 
guished only with difficulty from larvae of the 
Ozark blind salamander, T. spelaeus. Regardless 
of the ultimate taxonomic fate of some of these 
salamanders, their discovery has called atten- 
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tion to a very real and considerable neoteny 
within the Plethodontidae and has pointed to 
the desirability of experimental work in order 
to determine the cause of the failure of meta- 
morphosis in these forms. 

The work of Gudernatsch (1912, 1913-14) 
established the thyroid hormone as the agent 
responsible for amphibian metamorphosis. Sub- 
sequently a large and intensely interesting 
body of literature has accumulated dealing with 
normal and experimentally induced metamor- 
phosis in the Amphibia. (A helpful bibliography 
of the important papers on this subject has 
been prepared by Adams (1949).) Although 
the thyroid hormone is the fundamental agent 
responsible for the metamorphosis of an am- 
phibian in the normal physiology of the animal, 
it was determined through a series of ingenious 
experiments that metamorphosis could be in- 
duced by a variety of substances, all of them, 
however, related in one way or another to the 
thyroid hormone. The amino acid thyroxin 
was shown to be one of the best of the meta- 
morphosing agents in terms of its ability to 
bring the animal alive through the period of 
metamorphosis. In all probability this is at 
least partially to be explained by the precision 
with which the concentration and administra- 
tion of thyroxin can be controlled. 

It might be supposed that with a knowledge 
of the hormone responsible for amphibian meta- 
morphosis the problems involved in amphibian 
neoteny would be very quickly solved. How- 
ever, this was not the case; amphibian neoteny, 
like other biological problems, proved to be 
highly complex. Experimental attempts at the 
complete metamorphosis of the perennibranch 
salamanders such as Pseudobranchus, Siren, 
Necturus and Cryptobranchus met with failure; 
most of the tissues of these amphibians were 
shown to be insensitive to the thyroid hormone. 
Other groups of amphibians were investigated 
in which occasional individuals failed to meta- 
morphose at the usual time for the species, 
these physiqlogical variants becoming sexually 
mature as larvae. Neotenes of this type readily 
metamorphosed when they were treated with 
the proper metamorphosing agents or, as in 
certain strains of Ambystoma tigrinum, when 
they were merely subjected to a change in en- 
vironment. These curious cases of endocrine 
instability are at present incompletely under- 


stood although the work of Ingram (1928, 1929) 
suggests that the explanation may lie in a de- 
fective relationship between the anterior lobe 
of the pituitary and the thyroid. 

The perennibranch salamanders, as well as 
those in which neotenous individuals occasion- 
ally appear, have good thyroid glands capable of 
inducing metamorphosis when they are im- 
planted in other larval amphibians. A unique 
situation prevails in the Texas blind salaman- 
der, Typhlomolge, which, alone among the ver- 
tebrates, lacks functional thyroid glands. This 
remarkable fact was first established by Emer- 
son (1905) and later verified by Uhlenhuth 
(1923) who found only undifferentiated epi- 
thelial rudiments replacing, in Typhlomolge, the 
normal salamander thyroid. The ability of the 
tissues of this highly modified salamander to 
respond to the thyroid hormone has never been 
determined and the rarity of Typhlomolge in 
the caves of the Edwards Plateau around San 
Marcos, Texas, indicates that there will be very 
little opportunity for experimental work of that 
kind. 

In order to understand the cause of meta- 
morphosis failure in those neotenic plethodonts 
that are available in sufficient quantity for 
experimentation, it is first necessary to de- 
termine the sensitivity of their tissues to meta- 
morphosing agents. The question is whether 
these salamanders are entirely incapable of 
metamorphosis, as in the perennibranchs, or 
whether their tissues are able to respond to the 
thyroid hormone and related substances, as in 
the neotenic newts and ambystomid salaman- 
ders. This question has been answered for 
Eurycea neotenes and E. tynerensis by experi- 
ments in which these salamanders were sub- 
jected to the influence of dilute solutions of 
thyroxin. 

The specimens of Eurycea tynerensis that 
were used in the experiment were collected at 
the type station, Tyner Creek near Proctor, 
Oklahoma, with the generous help of Dr. George 
A. Moore and several of his students. The 
salamanders, secured during the first week of 
April, 1942, were transported to Ithaca, New 
York, and kept in tap water at room temper- 
ature until the beginning of the experiment on 
April 19. On this date, four specimens of EZ. 
tynerensis were placed in individual finger bowls, 
each of which contained 25 cc. of a 1:500,000 
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thyroxin solution that was changed at approx- 
imately two day intervals. (The stock thyroxin 
solution was prepared by dissolving 1 mg. of 
crystalline thyroxin in 10 cc. of distilled water 
to which a drop of 1 percent NaOH was added; 
this stock was kept in a refrigerator and diluted 
as needed.) On April 29, ten days after the 
beginning of the experiment, all four of the 
experimental animals showed metamorphic 
changes: their gills were reduced, skin was being 
shed and they tended to remain out of the 
thyroxin solution on rocks that had been placed 
in the finger bowls. By May 6 the metamorpho- 
sis of the four treated animals seemed to be 
complete. The gills were gone, the skull shape 
had changed, eyelids had developed and the 
eyes bulged out from the head, the tail fin had 
disappeared and the salamanders remained con- 
tinuously out of the solution. (Plate I, figs. 
3-6.) Control animals, maintained in the labora- 
tory in tap water, showed no metamorphic 
changes. The experimental animals were kept 
alive until the latter part of May when it be- 
came necessary to discontinue the observations. 

Experiments with Eurycea neotenes gave re- 
sults similar to those provided by E. tynerensis. 
The specimens used were obtained through the 
kindness of Professor and Mrs. A. H. Wright 
who collected them at Cherry Springs and 
Walnut Springs, West Fork of Cibola Creek, 
Bexar County near Bracken, Texas, on January 
18, 1942. The five animals that arrived alive 
in Ithaca were kept in a refrigerator until the 
beginning of the experiment on February 20. 
The small number of specimens made it neces- 
sary to experiment with only a single animal. 
The treatment given this salamander was simi- 
lar to that outlined for tynerensis except that 
the thyroxin solution employed at the beginning 
of the experiment was diluted 1:1,000,000 and 
changed seven days later to a 1:500,000 dilu- 
tion. On March 7 the reduction of the gills and 
the shedding of skin indicated that metamor- 
phosis was taking place. By March 11, all ex- 
ternal aspects of metamorphosis appeared to 
have been completed. (Plate I, figs. 1-2.) Dur- 
ing this time, no metamorphosis took place in 
the four controls. 

In terms of the nature of their neoteny, 
Eurycea tynerensis and E. neotenes form a new 
category of salamanders that fail to meta- 
morphose; they can be placed neither with the 
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perennibranchs nor with the newts and amby- 
stomid salamanders in which occasional neoteny 
is found. Utilizing the data available at this 
time, it is possible to group the neotenic sala- 
manders as follows. (1) The perennibranchs in 
which natural metamorphosis completely fails 
to occur and in which experimentally induced 
metamorphosis has not been successful. The 
thyroid glands are present and physiologically 
active. Metamorphosis fails because most of 
the tissues are insensitive to the action of the 
thyroid hormone. (2) The plethodontid sala- 
manders, Eurycea tynerensis and E. neotenes, 
which, like the perennibranchs, apparently 
never metamorphose under natural conditions 
but, unlike the perennibranchs, are easily meta- 
morphosed by treatment with dilute thyroxin 
solutions and presumably by other metamor- 
phosing agents. Nothing is known at present 
about the histological or physiological condition 
of the thyroid gland in these species. No data 
are available to explain the cause of this neoteny 
but the idea of a defective relationship between 
pituitary and thyroid is highly suggestive. (3) 
The various species of newts and ambystomid 
salamanders in which metamorphosis may or 
may not occur, oftentimes depending upon en- 
vironmental circumstances. All of the species 
that have been investigated are capable of 
experimental metamorphosis. They possess his- 
tologically normal thyroid glands that are able 
to induce metamorphosis when implanted in 
other immature amphibians. Although the cause 
of this neoteny is not understood, an unstable 
relationship between the pituitary and thyroid 
is again a highly suggestive approach. (4) A 
fourth category must be provided to accomo- 
date Typhlomolge rathbuni, the only known 
vertebrate without a thyroid gland. Until the 
sensitivity of the tissues of Typhlomolge to 
metamorphosing agents has been determined, 
it is impossible to put all of the blame for the 
neoteny of this species upon its deficient thyroid 
apparatus. But under any circumstances, the 
lack of thyroid glands provides the Texas blind 
salamander with a distinctive position and re- 
quires that it be separated from the other three 
groups of salamanders in which neoteny is 
shown. 

Much remains to be learned regarding this 
curious failure of metamorphosis within the 
Plethodontidae. A comparison of the histo- 
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logical structure of the thyroid glands of the 
neotenic species with the thyroids found in 
closely related non-neotenic species must now 
be made. The metamorphosing potency of the 
thyroids of the neotenic species when these 
glands are implanted in immature amphibians 
needs to be determined. The possibility of the 
cause of the neoteny residing in a deficient 
relationship between anterior lobe of the pitui- 
tary and thyroid gland must also be investi- 
gated. Experimental investigations conducted 
with these species may very well solve problems 
that could not be satisfactorily studied with the 
newts and ambystomid salamanders in which 
only partial neoteny is shown within a par- 
ticular species. Indeed, it is even possible that 
these interesting plethodonts may prove to be 
the best material yet found for the experimental 
study of amphibian neoteny. 

Dr. Robert Barden provided the transporta- 
tion from New York to Oklahoma for the trip 
on which the specimens of Eurycea tynerensis 
were collected and he also provided space and 
facilities for conducting the experiments in his 
laboratory at Cornell University. Mr. Arthur 
L. Smith made the photographs. Miss Margaret 
G. Bradbury retouched several of the photo- 
graphs and prepared the plate. The kind and 
generous help of these three friends is deeply 
appreciated. The crystalline thyroxin used in 
the experiments was supplied through the 
courtesy of Roche-Organon, Inc., Nutley, N. J. 
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Growth and Maturity of the Three Species of Thamnopbis 
in Michigan 


CHARLES C. CARPENTER 


ERY few studies have been made of 
growth in snakes, and only since the de- 
velopment of methods of marking them indi- 
vidually have adequate data on growth been 


gathered. Blanchard and Finster (1933) com- 
piled data on the common gartersnake and the 
common watersnake in northern Michigan. 
Growth in the plains gartersnake and the 
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Fig. 1. Changes of growth rate with age in the 
common gartersnake. Rate is expressed in percent- 
age increase in body length per growing month 
(May-September). Dotted line indicates no data. 


25 


FEMALES 


GROWTH RATE (PER CENT) 


~ 


15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 


= 
m 
/ 


SIZE GROUPS (CM.) 

Fig. 2. Changes of growth rate with age in the 
ribbonsnake. Rate is expressed in percentage in- 
crease in body length per growing month (May- 
September). Dotted line indicates no data. 
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Fig."3. Changes of growth rate with age in the 
Butler’s gartersnake. Rate is expressed in percent- 
age increase in body length per growing month 
(May-September). Dotted line indicates no data. 


smooth greensnake was discussed by Seibert 
and Hagen (1947), while Fitch (1949) and 
Hayrend and Call (1951) have investigated 
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growth of the Pacific rattlesnake and the Great 
Basin rattlesnake respectively. 

As a part of an ecological study of the Michi- 
gan gartersnakes, the common gartersnake 
(Thamnophis s. sirtalis), the ribbonsnake 
(Thamnophis s. sauritus), and Butler’s garter- 
snake (Thamnophis butleri), near Ann Arbor, 
Michigan, a large amount of growth data were 
gathered between 1948 and 1950. 

All snakes were marked by clipping the caudal 
scutes. Growth was determined from measure- 
ments of repeated captures. Measurements were 
made in the field. Both body length (tip of ros- 
trum to end of anal scale) and total length 
(tip of rostrum to tip of tail) were measured, 
but only body lengths were used for determin- 
ing growth, because part of the tail was often 
gone. The error in measurement was estimated 
by comparing a series of measurements on the 
same individual. This error was not more than 
1 cm. 

The period of growth, as indicated by the 
data, does not include the entire activity period 
(time between emergence from and entrance 
into hibernation), but is generally limited to 
the warmer months of the year. For computa- 
tions, the growth period for all three species 
is considered to be the five months from May 
through September (153 days). Records before 
and after this period indicate no significant 
growth. This agrees with Blanchard and Fins- 
ter’s (1933) findings in northern Michigan. 

All three species of garternsakes show a simi- 
lar pattern of growth. There is an actually 
greater increase per growing month in the 
smaller snakes which results in a much greater 
percentage increase of body length per month. 
The percentage increase in length per growing 
month was obtained by dividing the increase 
between captures by the length of the snake at 
the beginning of the period and then dividing 
by the number of elapsed growing months. 
Individual variation in growth is sometimes 
very great and the data are expressed in aver- 
ages. The common gartersnake, for which the 
most data were available, exhibits a consistent 
decrease in growth rate as the animal becomes 
larger (Fig. 1). For the ribbonsnake and Butler’s 
gartersnake, the same pattern of decrease is 
indicated from fewer records (Figs. 2 and 3). 

Both males and females grow rapidly for the 
first year, but the growth rate of the male de- 


crease 
result: 
larger 
(Figs. 
also 2 
even | 
longe! 
separ 
the f 
(Figs. 


60 


70 


60 


BODY LENGTH (CM.) 


238 
30 
16-19 20-24 265-29 30-34 35-39 40-44 45-49 50-54 a = 
| 
\ 
\ 
10 
| 
2 
F 
app! 
by f 
this 
poss 
prot 
indi 
T 
of ¢ 
app 
mal 
incr 


CHARLES C. CARPENTER—GROWTH OF THAMNOPHIS 239 


creases faster. This differential growth rate 
results in an adult group of females averaging 
larger than the corresponding group of males 
(Figs. 4-6). The total lengths of the females 
also average greater than those of the males 
even though the males have a proportionately 
longer tail. The young of the year are easily 
separated as a distinct group in the fall, and 
the following spring they are still isolated 
(Figs. 4-6). During the summer, these juveniles 


12-30 percent. A large male increased 0.2 
percent and a large female 2 percent. Small 
ribbonsnakes varied from 13 to 29 percent 
while a large male increased 0.43 percent and 
a large female 2 percent. The variation for 
small Butler’s gartersnakes was 7-10 percent; 
a large male increased 0.56 percent, a large 
female, 3 percent. 

Correlations between size and age of the 
three species of snakes were obtained by use of 
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Fig. 4. Body lengths in relation to time of year for male (dots) and female (crosses) common garter- 


snakes near Ann Arbor, Michigan, 1948-1950. 


approach the size of the older snakes so that 
by fall they form essentially the lower part of 
this older group. Among the adults it is not 
possible to stparate successive age groups, 
probably because of the great variations in 
individual growth. 

This variation is shown by several individuals 
of different sizes recaptured after a period of 
approximately five growing months. Small 
males of the common gartersnake showed an 
increase in body length per growing month of 


estimated growth curves. Adults of both sexes 
of the three species with equal body lengths are 
generally not of the same age (Fig. 7). 

Because there has been much speculation as 
to the age at which gartersnakes reach maturity, 
attention was directed toward obtaining perti- 
nent data. As early as the first of May, develop- 
ing embryos could be detected in many females 
by working the fingers along the ventral side of 
the snake. This method was used as a test for 
pregnancy in all females captured from June 
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Fig. 5. Body lengths in relation to time of year for male (dots) and female (crosses) ribbonsnakes 


near Ann Arbor, Michigan, 1948-1950. 
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Fig. 6. Body lengths in relation to time of year for male (dots) and female (crosses) Butler’s garter- 


snakes near Ann Arbor, Michigan, 1948-1950. 


through September. Growth and age data from 
recaptured snakes show that two-year-old fe- 
males of all three species may produce young. 

A female ribbonsnake, with a body length of 
19.8 cm. on May 16, 1949, was recaptured on 
May 10, 1950; she had grown to 46.6 cm. and 


contained developing embryos. She had un- 
doubtedly been born in the summer of 1948 
and had reached maturity in her second season 
of growth. Though gartersnakes sometimes 
mate in the fall, this one had probably matea 
in her second spring when less than two years 
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Fig. 7. Age and body length relationships of gartersnakes near Ann Arbor, Michigan. Curves formed 
from estimated hypothetical body length of 20 cm. at birth and calculation of theoretical annual increase 
in length. Data of Tables I-III were used for these calculations, and in some instances, these figures were 
chosen to fit a descending scale. Dotted portions of curves represent assumed projections where no data 
were available. Snakes of these large sizes have been recorded, but none was recaptured for growth data. 


TABLE I 
GrowTH RATE OF THE COMMON 
GARTERSNAKE 
Females Males 
| 585 56 | sas 
4 Z 4 4 
15-19 2 | 3.28 | 17.60 | 2 | 3.69 | 25.88 
20-24 2 | 3.42 | 16.19 | 7 | 3.12 | 13.98 
25-29 1 | 2.86} 9.70} 5 2.85 | 10.66 


35-39 1 | 3.98 | 10.60 | 12 | 1.11 | 3.09 


old. Altogether, eleven other gravid females 
of this species were shorter than 46.6 cm.; the 
smallest was 42.1 cm., captured May 18, 1950. 
According to growth records, it is possible that 
many female ribbonsnakes reach mature size 


TABLE II 
GrowtH RATE OF THE RIBBONSNAKE 
Females Males 
56 | 585/88) | sas 
Z 4 4 4 4 
15-19 2) 22.21 
20-24 5 | 5.03 | 24.12 5 | 2.43 | 12.16 
25-29 | .. 7.25 
30-34 | .. ae mre 1 | 0.89 2.67 
35-39 | .. 8 | 1.50} 3.98 
40-44 | 510.58] 1.41 
45-49 | 13 | 1.13 | 2.36 | 5 | 0.47 1.04 
50-54 | 15 | 0.43 0.81 | 


at two years, and the above observations tend 
to corroborate this assumption. 

There were no records of gravid female com- 
mon gartersnakes captured in their first full 
year of growth, but based on growth data, it is 
a logical deduction that many females reach a 
body length as great as 45 cm. by the end of 
that period. The shortest length for a gravid 
female of this species, captured June 17, 1949, 
was 42.6 cm. Three others with body lengths 
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less than 48 cm. were recorded as gravid. By 
comparing known size at maturity with the 
estimated age as shown by growth data, it is 
possible to determine the age of a snake at 
maturity. 

M. D. Burt (1928: 9-10) dissected 43 females 
(all taken before the time of parturition) from 
the Douglas Lake region of northern Michigan. 
She found no embryos in females less than 551 
mm. in total length. C. E. Burt (1928) found 
that the tail length of females ranged from 18 
to 25 percent of the total length, with the 
majority between 21 and 24 percent. This 
latter span of percentage, when applied to the 
55-cm. criterion (approximate minimum ma- 
ture size given by M. D. Burt), gives a range 


TABLE III 
GrowtH RATE OF BUTLER’s GARTERSNAKE 
Females Males 
ge as go as 


15-19 


20-24 1; 1.15} 7.00] 2) 1.92) 8.8 


Z5-29 | .. | ... 1 | 2.93 | 10.80 


0.51 


35-39 | 2 0.55 | 1.52} 3 | 0.18 


40-44 | 3 | 0.20 | 0.46 | .. 


30-34 2| 1.24] 3.59| 7 2.50 
| 
| 
| 


of body lengths of 41.80-43.45 cm. In the 
present study many of the second-spring fe- 
males recorded fall within this range. Pope 
(1947) listed the smallest gravid female on 
record at 1934 inches (48.5 cm.). If it is as- 
sumed that this female has the shortest tail 
ratio (21 percent), it then had a body length 
of approximately 38 cm., which is well within 
the range of second spring females, 

The smallest gravid female of Butler’s gar- 
tersnake had a body length of 34.5 cm., and 
two others measured 34.8 and 35.8. They fall 
within the size range reached by females of 
this species in their second spring (Fig. 6). 
Pope’s (1947: 205) smallest female parent had 
a total length of 165¢ inches (43 cm.). If the 
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tail ratio given by Davis (1932) is applied (20 
to 23 percent for females), then this snake had 
a body length of approximately 32 cm. From 
this evidence it seems that some two-year-old 
females of this species produce young. 

The mature size of males at sexual maturity 
is more difficult to determine because the fea- 
ture of pregnancy is absent, but some indica- 
tion of this size can be obtained in the following 
manner. Harrison (1933) determined, by use of 
the knobbed anal keels, a secondary sex char- 
acter of male common gartersnakes, that the 
approximate minimum size of mature males 
was 47.5 cm., or a minimum body length of 37 
cm. (tail ratio of 22 per cent). Blanchard and 
Blanchard (1942) recorded a male common 
gartersnake of 50 cm. (total length) as fathering 
a brood. Again, using the tail ratio of 22 to 26 
percent, this snake had a body length of about 
38 cm. A male of this species with a body length 
of 39.2 cm. was recorded in courtship on April 
16, 1950. Another male, captured on October 
26, 1948, measured 21.5 cm. in body length 
(obviously born that summer) and when re- 
captured on April 16, 1950, it measured 39.2 
cm. From this evidence, it is readily seen that 
at least some males of the common gartersnake 
reach sexual maturity the second spring after 
birth and before they are two years old. 

For the ribbonsnake and Butler’s garter- 
snake, evidence is scanty. On April 4, 1950, a 
male Butler’s gartersnake with a body length 
of 32.1 cm. was observed courting a larger 
female. This size is within the range of males 
the second spring after birth. It is probable 
that male ribbonsnakes mature as quickly as 
the females, though there are no data to sub- 
stantiate this assumption. 

The number of small females that were gravid 
was few, and because of individual variation in 
growth, it is probable that many individuals of 
both sexes of the three species do not reach 
mature size until approximately their third 
spring after birth. 
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Life History and Ecology of the Sculpin Cottus bairdi 
punctulatus in Southwestern Montana’ 


Jack E. BAILEY 


INTRODUCTION 


N investigation of the life history and 
ecology of the Rocky Mountain mottled 
sculpin, Cottus bairdi punctulatus (Gill), was 
started in January, 1950, and continued until 
October, 1951. This study was centered mainly 
on the West Gallatin River in the vicinity of 
Shedds Bridge, 534 airline miles downstream 
from the village of Gallatin Gateway, Gallatin 
County, Montana. During the summer of 
1950, observations were made on the sculpins 
of Prickley Pear Creek which empties into the 
Missouri River about six miles upstream from 
Craig, in Lewis and Clark County. The area 
studied included the lower 13 miles of Prickley 
Pear Creek and the lower 1% miles of Wolf 

Creek, which is a small tributary thereto. 
Description of the Sampling Areas.—The 
West Gallatin collecting station was 2300 feet 
long. The maximum width of this section during 
flood stage (May-June) was approximately 
150 feet and the maximum depth approximately 
8 feet. In September, 1951, at the low water 
period, the maximum width was approximately 
70 feet. Practically all of the collections were 
made in water between the shoreline and the 
2-ft contour, neither of which occupied fixed 
positions as their locations were dependent on 
water levels. In 1951, the water level dropped 
1 Contribution from Montana State College, Agricultural 


Experiment Station. Project No. MS844-42, Paper No. 255, 
Journal Series. 


approximately three feet from its flood stage 
peak in May to near normal summer level 
recorded June 10. This caused the shoreline to 
move in as much as 100 feet in certain places. 
By September 17, the water level was down 
another 6 inches. Gradients of the sampling 
section were measured with a hand level at 
100-foot intervals. The mean gradient for the 
section was 0.70 foot per 100 feet with a maxi- 
mum of 1.94 and a minimum of 0.22. The 
maximum surface velocity measured, in the 
area where sculpins were collected, was 4.6 
feet per second. Bottom materials in the sam- 
pling area consisted of approximately 30 per- 
cent boulders, 55 percent rubble, and 15 per- 
cent sand and gravel. Both banks of the sec- 
tion are bordered by cottonwoods, aspens and 
willows. Algae was the only abundant aquatic 
vegetation. 

Water temperatures for the West Gallatin 
station were taken at irregular intervals through- 
out the collecting period, usually between 
2:30 and 3:30 pm. Minimum temperatures 
(32-36°F.) occurred during December, January, 
February and March of both years with a 
definite ‘warm up” period beginning in late 
March. No temperatures were taken in the 
summer of 1950 but in 1951 the maximum 
temperature of 65°F. occurred on July 31. 

In Prickley Pear Creek, sculpins were col- 
lected in riffle areas which had a maximum 
summer width of approximately 45 feet and a 
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minimum of 21 feet. The maximum depth 
varied from 14 inches over shallow riffles to 
about 8 feet in deep pools during September, 
1950. The maximum surface velocity recorded 
during September was 4.3 feet per second in 
areas where collections were made. Bottom 
materials of riffle areas varied greatly but 
rubble was predominant, with mixtures of 
gravel, sand and boulders. Pool bottoms were 
mostly of clay or sand. After the spring runoff, 
green algae and white water-crowfoot (Ranun- 
culus aquatilis) became abundant and persisted 
through most of the summer. The minimum 
water temperature for the period June 9 to 
September 27 was 43°F. (June 9), and the 
maximum was 67°F. (July 26). Variations in 
temperatures throughout any 24-hour period 
ranged from 3° to 16°F. 

Wolf Creek is similar to Prickley Pear Creek 
except that it is much smaller. On June 17, 
1950, the maximum width was 38 feet and the 
maximum depth in riffle sections was 18 inches. 

Fish Associates —The sculpin (Cottus bairdi 
punctulatus) was the most abundant fish in 
the sampling area on the West Gallatin River. 
Brown trout (Salmo trutta), rainbow trout 
(Salmo gairdneri), cutthroat trout (Salmo 
clarki), rainbow-cutthroat hybrids, brook trout 
(Salvelinus fontinalis), mountain whitefish 
(Prosopium williamsoni), longnose sucker (Cat- 
ostomus catostomus), white sucker (Catostomus 
commersoni), and longnose dace (Rhinichthys 
cataractae) are known to occur in the same 
general area. Except for the suckers, all of the 
above species were observed in the sampling 
area. Suckers may have been present but no 
attempt was made to collect them. 

The sculpin was also the most abundant fish 
in both Prickley Pear Creek and Wolf Creek. 
(One albino sculpin with a total length of 62 
mm. was found in Wolf Creek.) Associated 
species of trout, whitefish and suckers were the 
same as in the West Gallatin River. Carp 
(Cyprinus carpio) and Eastern burbot (Lota 
lota lacustris) were present in small numbers 
in Prickley Pear Creek. 

Acknowledgments.—Thanks are extended to 
those who assisted in this study. Dr. C. J. D. 
Brown suggested and directed the investiga- 
tion and assisted in the preparation of the 
manuscript. Observations on time of spawning 
and incubation period of sculpins from the 
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West Gallatin River during the 1950 summer 
season were made by George Holton. Raymond 
Hays gave many hours of valuable assistance 
in the determinations of food organisms, 
Charles K. Phenicie, fishery biologist for the 
Montana State Fish and Game Department, 
furnished the electric shocking equipment for 
making collections and assisted in the analysis 
of certain data. The species of sculpins from 
the West Gallatin River and Prickley Pear 
Creek were determined by Dr. Leonard P. 
Schultz. The writer wishes to express apprecia- 
tion to fellow students who helped in making 
collections. 

Collection and Preservation—Most collec- 
tions of sculpins were made with a screen 3 
by 4 feet similar to that described by Needham 
and Needham (1941). The screen was held in 
an inclined position against the stream bottom, 
and the rubble and gravel immediately up- 
stream was dislodged by kicking. Sculpins 
that collected on the screen were lifted from 
the water. This method was adequate for 
small samples of all sculpins except those less 
than 20 mm. in total length. Small sculpins 
were most abundant in shallow, slow water 
and were more readily collected with a tea 
strainer. The collecting screen and the tea 
strainer were both provided with screen having 
16 mesh per linear inch. Two electric shockers 
were used for taking large samples. One was 
a 500-watt, AC generator used at voltages of 
160 to 200, and the other a 250-watt, DC 
generator used at 125 volts. Each machine 
was equipped with two portable electrodes. 
The DC generator appeared to be more efficient 
on the larger sculpins. The positive electrode 
of the DC shocker was manipulated so as to 
attract sculpins upwards from the stream 
bottom thus making it easy to recover them. 
Sculpins shocked by alternating current were 
more subject to the flow of the stream which 
often carried them under rocks where they 
lodged out of sight. The smaller sculpins were 
easily collected because they remained near 
shore where water currents were not effective 
in carrying them under rocks. 

The majority of sculpins collected were 
preserved in 10 percent formalin at the time 
of capture. However, when otoliths were to 
be taken, specimens were weighed and measured 
in fresh condition. The relationship between 
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total lengths of fresh and preserved sculpins 
was determined for a sample of 75 specimens. 
The fresh total lengths ranged from 60 to 121 
mm. These fish were then placed in 10 percent 
formalin for 3 months and measured again. 
Total lengths after preservation ranged from 
57 to 115 mm. The resulting formula for con- 
version from fresh total length (Y) in mm. to 
total lengths of preserved fish (X) in mm. was 
X = 0.960Y. When converting from preserved 
to fresh total lengths, the formula becomes 
Y = 1.037X. Similar factors were obtained 
for 101 small sculpins (fresh total lengths, 
25-42 mm.). The conversion factor from fresh 
to preserved total length for this sample was 
0.990 and from preserved to fresh total length 
was 1.010. 


Foop Hasits 


Twenty-three collections were obtained from 
the West Gallatin River and three from Prick- 
ley Pear Creek to determine food habits. No 
definite collecting schedule was followed except 
to secure at least one sample for each calendar 
month. Collecting began January 21, 1950, 
and ended August 31, 1951. Almost all collec- 
tions were made in the afternoon. A total of 
903 specimens was examined, 821 from the 
West Gallatin River and 82 from Prickley 
Pear Creek. The West Gallatin River lot 
included 53 specimens less than three months 
old (6.8-26 mm. total length) and 768 more 
than three months old (21-118 mm.). The 
Prickley Pear Creek specimens ranged in total 
length from 42 to 118 mm. 

All lengths and weights were taken after 
specimens were preserved (10 percent formalin) 
except for 36 fish which were measured while 
fresh. The length measurements on fresh 
specimens were converted to preserved lengths 
by the factor 0.960. Sex and maturity were 
determined whenever possible by careful 
examination without making micro-sections 
of the gonads. 

Stomachs were removed by slitting the scul- 
pins from anus to throat, cutting the esophagus 
at the posterior end of the oral cavity and 
breaking off the intestine at the pyloric valve 
which forms a convenient and definite posterior 
demarcation between stomach and intestine. 
Stomachs were then placed in 70 percent ethyl 
alcohol before the contents were removed and 
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classified. Food organisms were generally deter- 
mined to family, but some specific identifica- 
tions were made. Insect fragments were re- 
corded as unidentifiable insects. 


TABLE 


List oF Foops Founp IN ScuLpin STOMACHS 


From THE WEsT GALLATIN RIVER 


Mollusca Trichoptera (larvae and 
Physa pupae) 
Pisidium Rhyacophilidae 

Insecta Rhyacophila 
Ephemeroptera Glossosoma 

(nymphs) Hydropsychidae 
Heptageniidae Arctopsyche 
Heptagenia Hydropsyche 
Rhithrogena Hydroptilidae 
Baetidae Limnephilidae 
Paraleptophlebia Lepidostomatidae 
bicornuta Brachycentridae 
Ephemerella doddsi Brachycentrus 
Ephemerella flavi- | Helicopsychidae 
linea Diptera (larvae and 
Baetis pupae) 
Plecoptera (nymphs) Tipulidae 
Pteronarcidae Tipula 
Pteronarcys cali- Antocha 
fornica Tendipedidae (Chir- 
Pteronarcella badia onomidae) 
Taeniopterygidae Ceratopogonidae 
Nemouridae Blepharoceridae 
Capniidae Bibiocephala 
Perlidae Simuliidae 
Classenia sabulosa |Arachnida 
Perlodidae Hydrachnidae 
Arcynopteryx paral-|Fish 
lela Rhinichthys cata- 
Chloroperlidae ractae 
Isoperlidae Cottus bairdt 
Tsoperla Fish eggs 
Coleoptera (larvae Cottus bairdi 
and adults) 
Carabidae 
Haliplidae 
Dryopidae 
Helmis 
Hemiptera 


Due to the small amounts of food present, 
it was not practical to measure volumes of 
individual stomachs. In order to obtain the 
volumetric measurement of food eaten, total 
volumes were determined by alcohol displace- 
ment of the stomach contents of 17 separate 
collections. The average volume of food per 
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stomach was 0.09 ml. and the maximum volume 
was 2.30 ml. 

Composition of Food—Food studies on 
Cottus bairdi by Ricker (1934), Koster (1936), 
and Dineen (1951) indicate that this species 
feeds mainly on bottom dwelling aquatic 
fauna and is not a serious predator of game 
fish species. The present study agrees with 
these findings (Table I). Bottom dwelling 
aquatic insects made up 99.7 percent of the 
total number of all food items in the stomachs 
of the older sculpins from the West Gallatin 
River. Items such as snails (Physa), fingernail 
clams (Pisidium), water mites (Hydrachnidae), 
sculpin eggs, and fish composed the other 0.3 


TABLE II 
Sromacu CONTENTS OF 15 West GALLATIN RIVER 
Scutpins (Totat Lenctus 14-26 mm.) COLLECTED 
Avucust 31, 1951 


Number | Average |Percentage 
organism | stomach | organisms 
Mollusca (Pisidium).. 5 1.4 3.8 
Ephemeroptera 
Baetidae......... 2 1.0 1 | 
Paraleptophlebia.. 1 1.0 0.5 
Heptageniidae 
Heptagenia..... 1 1.0 0.5 
Plecoptera......... 1 1.0 0.5 
Diptera larvae...... 1 1.0 0.5 
Chironomid larvae. 14 12.4 92.6 
Unicentified insects. . 1 1.0 0.5 


percent. The only terrestrial insect taken was 
an adult ground beetle. 

Dipterous larvae and pupae, the most 
abundant food items, comprised 55.5 percent 
of the total and occurred in 60.3 percent of the 
stomachs. The Tendipedidae (Chironomidae) 
was the most important family. Chironomid 
larvae and pupae accounted for 95.6 percent 
of the Diptera. Larvae made up 99.6 percent 
of the Tendipedidae while pupae constituted 
only 0.6 percent. Chironomid larvae were also 
the most abundant Diptera in the stomachs 
examined by Ricker (1934), Koster (1936), 
and Dineen (1951). Caddis fly larvae, second 
only to the Diptera in numbers consumed, 
accounted for 36.7 percent of all food items 
and occurred in 58.3 percent of the stomachs. 
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Lepidostomatidae and Hydropsychidae were 
the most important families, constituting 69.8 
and 24.4 percent, respectively. Mayfly nymphs 
made up only 3.8 percent of the total number 
of food items but occurred in 32.8 percent of 
the stomachs. Plecoptera nymphs, with 2.1 
percent of the total number of food items, 
occurred in 16.8 percent of the stomachs, 
Despite the fact that mayfly and stonefly 
nymphs comprised a low percentage of the 
total number, they were an important food 
because of their large size and rather regular 
occurrence. Fish and fish eggs comprised 0.1 
percent of the food items eaten and occurred 
in 0.8 percent of the stomachs. Snails, finger- 
nail clams, beetles, true bugs, and water mites 
collectively constituted only 0.2 percent of 
the total number of food organisms and oc- 
curred in only 2.6 percent of the stomachs. 
Unidentifiable insects made up the remaining 
1.6 percent of the food items. Sticks and 
stones which were presumed not to be parts of 
caddis fly cases were found in 5.2 percent of 
the stomachs. 

The smallest sculpins which had food in 
their stomachs were collected July 21, 1951, 
from the West Gallatin River. Only three 
specimens (total lengths 9.1-10.0 mm.), of a 
sample of 15 ranging in total length from 6.8 
to 10.4 mm., contained food. Unabsorbed yolk 
sacs were still present in 12 of the fry. The 
only identifiable food items were a chironomid 
larvae and one water mite. The yolk sacs were 
completely absorbed in 23 sculpins (total 
lengths 9.1-14.8 mm.) taken July 31, 1951. 
All had been feeding on chironomid larvae and, 
in addition, two specimens had one mayfly 
nymph each, another had a fingernail clam, 
and a fourth had an unidentifiable insect 
larvae. Chironomid larvae accounted for 128 
(97.7 percent) of the total number of food 
organisms, 

Stomach examinations were made on 15 
young of the year (total lengths 14-26 mm.) 
collected on August 31, 1951 (Table II). 
Chironomid larvae occurred in all but one and 
comprised 92.6 percent of the total number of 
food organisms. Fingernail clams accounted 
for 3.8 percent of the total. Other items in- 
cluded mayfly and stonefly nymphs. These 
findings are generally in agreement with those 
of Ricker (1934). 
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Larger sculpins were divided into three size 
groups (total lengths 21-50 mm., 51-80 mm., 
and 81-118 mm.) in order to facilitate compari- 
son of food habits (Table III). In the West 
Gallatin River, mollusks occurred in the 
stomachs of all three size groups. Fingernail 
clams were taken by the smallest size group 
and snails by the two larger groups. In Prickley 
Pear Creek, however, the larger sculpins took 
both fingernail clams and snails. 

Stonefly nymphs were consumed in greatest 
numbers by the largest size group and least 
by the smallest. The smallest size group utilized 


uted more to the total volume due to their 
large size. 

Fish and fish eggs were not important items 
in the diet of West Gallatin River sculpins. 
Only five specimens had fish in their stomachs; 
the smallest one was a female with a total 
length of 80 mm. Four males (86-111 mm.) 
each contained one fish. Only two of the fish 
eaten were identified; one was a longnose dace 
(Rhinichthys cataractae Valenciennes) and the 
other a yearling sculpin. One male (105 mm.), 
taken June 30, 1951, had seven fungused 
sculpin eggs in its stomach. Eyed sculpin 


TaBLeE III 
Foon In RELATION TO S1zE OF 768 SCULPINS FROM THE WEST GALLATIN RIVER 1950-1951 
222 stomachs, total lengths | 324 stomachs, total lengths 222 stomachs, total lengths 
21-50 mm 51-80 mm. 1-118 mm. 
s F | 38] | BE | be 13s 
| $48) 55) be] & | $48) 55] $28] 56 | 
Ephemeroptera......... 4 | 1.3 (ie 1.8 | 33 4 12 2.0 | 32 3 
6 | 1.2] 10 2 7 1.5 | 15 2 29 2.4 | 26 3 
Coleoptera............. tL {1.0 0 1 1.0} 3 0 
& 57} 6.9 | 64 | 31 194 | 15.9 | 72 | 47 
57 | 8.0] 58 | 74 | 149 | 13.5 | 63 | 61 | 290 | 19.2] 58 | 46 
Unidentifiable insects. . . . 1 1.0 | 22 4 5 1.2 | 19 2 2 1.1 | 22 1 
1 1.0| 0 0 1 2 0 
7 7.0] 0 0 


only small nymphs of the families Capniidae, 
Perlodidae, Chloroperlidae, and Isoperlidae 
while the two largest size groups contained, in 
addition, nymphs of the families Pteronarcidae, 
Taeniopterygidae, Nemouridae, and Perlidae. 
Caddis fly larvae were consistently more abun- 
dant in the stomachs of the larger sculpins. 
Diptera larvae and pupae were taken in greatest 
numbers by the larger specimens but made up 
a higher percentage of the total number of 
food organisms eaten by the smaller fish. 
Chironomid larvae were the most common 
Diptera found in all sizes of sculpins. However, 
cranefly larvae (Tipula) occasionally contrib- 


eggs were found in the stomachs of two adult 
males taken June 28, 1950, from Prickley Pear 
Creek. 

Of 17 Prickley Pear Creek sculpins (98- 
118 mm.) collected September 21, 1950, three 
were found to contain fish; two of the items 
were rainbow trout (Salmo gairdneri Richard- 
son) approximately 244 inches long. These 
trout may have been from fingerlings (2-5 
inches total length) planted on September 18, 
1950. 

Predation by freshwater sculpins on game 
and commercial fishes has been investigated 
by several fishery workers. Forbes (1883) 


were 
r 69.8 
mphs 
mber 
nt of 

2.1 
tems, 
achs, 
mnefly 
f the 
food 
gular 
d 0.1 
rred 
nger- 
mites 
t of 
d oc- 
achs, 
ining 
and 
ts of 
nt of 
d in 
951, 
three 
of a 
1 6.8 
yolk 
The 
omid 
were 
total 
951. 
and, 
ayfly 
lam, 
sect 
128 
food 
15 
m.) 
II). 
and 
ar of 
nted 
in- 
hese 
hose 


248 COPEIA, 1952, NO. 4 


reported that 25 percent of the food of six 
Cottus bairdi was fish. Lincoln (1933) stated 
that muddlers had been observed to take re- 
cently planted trout 134-2 inches long. Dineen 
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Fig. 1. Amount of food in sculpin stomachs at 
various seasons from the West Gallatin River. 
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Fig. 2. Number of Trichoptera and Diptera at 
various seasons in stomachs of sculpins from the 
West Gallatin River. 


(1951) examined the stomachs of over one 
thousand Cottus bairdi bairdi and found 4.0 
percent contained a few trout eggs. Simon 
and Brown (1943) reported a small male 
(Cottus bairdi semiscaber) gorged with scuipin 


eggs and fry. Dence (1928), Greeley (1932), 
Ricker (1934), and Surber (1920) reported no 
evidence that Cottus bairdi eats fish or fish 
eggs. Koster (1936) concluded that sculpins 
do not destroy large numbers of trout eggs or 
fry. This species apparently is not a serious 
predator of game fish although it may take 
trout under certain conditions and occasionally 
eats small individuals of its own kind. 

Seasonal Variations—The volume and num- 
ber of food items per stomach in sculpins from 
the West Gallatin River were compared for 
the various seasons of the year (Fig. 1). The 
calendar year was divided into four periods of 
equal length. On the basis of water tempera- 
tures, December through February was desig- 
nated as the winter season. There were fewer 
empty stomachs and the quantity of food per 
stomach was greatest in the winter samples. 
The percentage of empty stomachs ranged 
from 4.0 percent in winter to 10.3 percent in 
summer and the average volume of food per 
stomach ranged from 0.06 ml. in spring to 
0.17 ml. in winter. An examination of 62 speci- 
mens collected when water temperatures were 
very low (32-33°F.) showed the average volume 
per stomach to be 0.25 ml. while the winter 
average was 0.17 ml. Only one stomach was 
empty and the average number of food items 
per stomach was 31.6, which is higher than the 
winter average of 25.9. 

There were obvious variations in the kinds 
of food consumed. Snails were found only in 
the summer and fall collections. The number 
of stomachs containing stonefly nymphs was 
more than five times greater during the winter 
than in summer. Caddis fly larvae occurred in 
greatest numbers in fall collections and least 
in spring, while Diptera were taken more often 
in spring and least in fall (Fig. 2). Tipulidae 
larvae were consumed during all seasons but 
were most important in the stomachs of large 
sculpins collected in the fall. 


HABITAT AND MOVEMENTS 


Sculpins were abundant in riffle areas where 
rubble and boulders were predominant, and 
were usually absent from pools where the bot- 
tom was entirely sand or clay. They were 
numerous in the dense mats of white water- 
crowfoot in Prickley Pear Creek. Some small 
sculpins were observed to hide in the quiet 
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water near shore by stirring up clouds of sitl 
which settled and covered them. Larger in- 
dividuals were found most commonly in rubble 
riffle areas where the water was more than 4 
inches deep but some were present in the shal- 
low quiet water near shore. Distribution was 
not noticeably affected by surface velocities 
because sculpins spend much of their time under 
gravel and rubble on the stream bottom. 
However, sculpins were scarce in areas where 
currents were slow enough to allow deposits 
of sand and silt, probably due to the absence 
of hiding places. 

A total of 75 sculpins (total lengths 50-140 
mm.), captured in Prickley Pear Creek with the 
assistance of an AC electric shocker, were 
marked with serially numbered jaw tags and 
released in the same 600-foot section from which 


TABLE IV 
RECOVERIES OF TAGGED SCULPINS IN PRICKLEY 
PEAR CREEK 
Number 
Number 
Number of days 
D 
| "cred. | 
August 15, 1950......... 39 9 46 
September 25, 1950....... e 6 41 
November 24, 1950...... 3 60 
27,1951. ... 3 205 


they were captured. In four successive shock- 
ings, 21 marked specimens (total lengths 70- 
140 mm.) were recovered (Table IV). Only 
one marked fish was captured more than once. 
This specimen was tagged June 30, 1950, and 
recaptured on August 15 and again on Septem- 
ber 25 of the same year. Fifteen (71.4 percent) 
of the 21 sculpins recovered were within 150 
feet of the point where first captured. The 
greatest distance which a recovered sculpin 
had moved from the point of release was 470 
feet. 


SPAWNING HABITS 


Spawning Season.—The 1950 spawning sea- 
son was not definitely established, but eyed 
eggs were collected in the West Gallatin River 
on June 17 and in Prickley Pear Creek on June 
15. The 1951 spawning season in the West 


Gallatin River covered most of the month of 
June. On June 5, 1951, one spent female was 
found in a sample of 147 gravid females. The 
first two nests with eggs were found on June 9. 
One nest had 104 eggs and the other 148. 
First eyed eggs of the 1951 season were found 
on June 23. All eggs were eyed in the 14 nests 
located on July 6. The last females (four 
specimens) to contain numerous eggs were 
found on June 23. One collected June 30, 
1951, had eight eggs. 

Ricker (1934) gave the middle of May as 
the spawning period. Hann (1927) and Gage 
(1878) observed eggs in April, and- Smith 
(1922) found them in April and May. Simon 
and Brown (1943) reported the spawning season 
of Cottus bairdi semiscaber Cope as February 
20 to May 26. 

Males were ripe in advance of the females 
and some were still capable of producing milt 
after all females had deposited their eggs. 
Milt was obtained from males as early as 
March 25 in the 1950 season. In 1951, the 
first ripe males were found on April 25. Females 
were also slower to begin ripening in 1951 
than in 1950. The last ripe male of the 1951 
season was found on August 31. Afternoon 
water temperatures during the 1951 spawning 
season ranged from 46° to 55°F. Hann (1927) 
observed sculpins spawning in an aquarium 
at a temperature of 55°F. and reported stream 
temperatures of 41° to 61°F. during the spawn- 
ing season. 

Age and Size at First Spawning—Hann 
(1927) stated that sexual maturity was at- 
tained at two years of age when sculpins were 
45-70 mm. standard length and that males 
were larger than females. In a sample of 390 
females collected from the West Gallatin River 
during the period from May 27 to June 10, 
1951, all individuals over 74 mm. total length 
were sexually mature (Table V). The smallest 
one which was sexually mature had a total 
length of 57 mm. Of 25 females collected during 
May and June, 7 were sexually immature and 
2 years old, 9 were mature and of the same age, 
and 9 were mature and 3-5 years of age. 
Maturity of males was not easily determined 
from the appearance of the testes. The smallest 
male which produced milt by application of 
pressure to the abdomen had a total length 
of 70 mm. and was 2 years old. 
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Sexual Characteristics—Mature females in 
the gravid condition are easily recognized by 
their distended abdomens. Adult males have a 
prominent genital papilla (Hann 1927) which 
originates at the posterior margin of the anus. 
The genital papilla can be seen without 
magnification on most preserved males as 
small as 60 mm. total length. The sex of 177 
preserved sculpins (total lengths 57-113 mm.) 
was determined first by inspection for the pres- 
ence or absence of the genital papilla and then 
verified by examination of the gonads. Sex 
was correctly determined by the use of the 
papilla in 96 percent of the specimens. This 
sample contained 89 males and 88 females. 
Hann (1927) stated that sex may be determined 


TABLE V 


NUMBER AND PERCENTAGE OF MATURE FEMALE 
ScCULPINS FROM THE West GALLATIN RIVER 


Total length (in mm.) | Total fish | Number | Percentage 
50-54 44 0 0.0 
55-59 101 1 1.0 
60-64 72 12 16.7 
65-69 38 21 55.3 
70-74 46 42 91.3 
75-79 43 43 100.0 
80-84 24 24 100.0 
85-89 15 15 100.0 
90-94 4 4 100.0 
95-99 2 2 100.0 
100-104 1 1 100.0 


by the shape of the head in specimens three or 
more years of age—that of the male is broader. 
A comparison was made between the greatest 
head widths of 30 males and 15 females ranging 
in total length from 82 to 95 mm.; the average 
width for the males was 23.9 mm. and for the 
females was 21.9. The accuracy of this method 
of determining sex was about 80 percent. Simon 
and Brown (1943) stated that in Cottus bairdi 
semiscaber the differences in coloration of the 
first dorsal fin could be used to separate the 
sexes. This characteristic was not diagnostic 
for Cottus bairdi punctulatus. 

Development of Ovaries——Ovaries were ob- 
tained from 146 specimens collected at fre- 
quent intervals between January 21 and May 
31, 1950, and December 26, 1950, to June 5, 
1951. No samples were taken after fish began 
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to spawn. Ovary volumes after preservation 
were determined to the nearest 0.01 ml. by 
alcohol displacement. The object of this study 
was to determine the stages of ripeness. Vol- 
umes of the ripening ovaries were influenced 
by the size of the female as well as by the state 
of ripeness. Ovary volumes had an approximate 
straight-line relationship to the cube of the 
total body length. Ripeness factors were calcu- 
lated by dividing the ovary volumes by the 
cubes of the total body lengths. The resulting 
factors were arbitrarily multiplied by 10® to 
obtain more convenient figures. Average 
ripeness factors for each of the small samples 
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Fig. 3. Average ripeness factors for 146 female 
sculpins. 


were plotted on semilog graph paper. The 
resulting curves were drawn by inspection 
(Fig. 3). The average ripeness factor for the 
1950 collections increased from 40.4 (January 
21) to 209.7 (May 31). In the following year 
the factor increased from 22.8 (December 26, 
1950) to 329.0 (June 5, 1951). The 1950 curve 
is not complete as no ovaries were measured 
in the period immediately before spawning. 
Number of Eggs.—Egg counts were made on 
118 preserved females (57-95 mm. total length). 
The average number of eggs per female was 
203. The minimum was 69 in a 57-mm. specimen 
and the maximum was 406 in a 94-mm. fish. 
Hann (1927) counted the eggs from nine females 
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Sculpin eggs attached to under surface of rock. Scale graduated in mm. Photo by R. Hays. 
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sculpin eggs attached to under surface of rock. Scale graduated in mm. Photo by R. Hays. 
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which were 51 to 71 mm. standard length. 
These ranged from 120 to 395 eggs per female 
(average 257). Simon and Brown (1943) 
found an average of 629 eggs per female in 
Cottus b. semiscaber. 

Preparation and Distribution of Nests.— 
The nests consisted of holes under rocks or 
other suitable objects. Preparation of nests 
was not observed but was presumed to have 
been done by the males (Hann 1927). There 
was a greater abundance of adult males in the 
deeper areas where the first nests were found. 
Adult females were most abundant in shallow 
water near shore at that time. In a sample of 
12 specimens taken May 27, 1951, from water 
less than 18 inches deep, the ratio of males to 
females was 1:5. On June 5 a collection of 30 
specimens from the same area showed a ratio 
of 1:9. In water more than 18 inches deep, 22 
adults collected June 5 showed a ratio of 1:0.7. 
On June 10 females were caught near shore in 
shallow water, while males were found only in 
deep water. This segregation of sexes was not 
noticeable during any other season of the year. 
The first eggs deposited were found in water 
over one foot deep. 

The rocks under which nests were prepared 
varied in diameter from about 5 to 15 inches. 
Egg clusters were sometimes attached to 
materials other than rocks. Hann (1927) 
reported the use of aquatic vegetation, C. J. D. 
Brown found clusters on a piece of submerged 
wood in the Madison River, Montana, and the 
writer observed eggs on a rusty piece of sheet 
iron in Prickley Pear Creek. 

Surface velocities over nests varied from 0.0 
to 4.6 feet per second. Simon and Brown 
(1943) found nests in areas where currents 
varied from rapid to almost none. Most nests 
were originally located in areas where surface 
velocities were high but which became much 
reduced as water levels dropped. Observations 
indicated rather gentle water movements 
within the nests but limitations of available 
equipment prevented accurate determinations. 

Description of Eggs and Egg Clusters —The 
size of eggs was determined from preserved 
materials. Such measurements, although they 
may not give a true picture of size, are useful 
in comparing egg diameters of different in- 
dividuals and at different times. Diameters 
were secured by counting the eggs which would 


lie side by side on a millimeter linear scale. 
Eggs from 48 females collected from the West 
Gallatin River in 1951 varied from 1.3 mm. in 
diameter in April to 2.2 mm. by June 5. Eggs 
collected from 11 nests had diameters of 2.5 
to 2.9 mm. Simon and Brown (1943) found 
that eggs from females ready to spawn had a 
diameter of 2.2 mm. and eggs from nests 
averaged 2.47 mm. in diameter. 

Egg colors ranged from pale yellow to orange- 
yellow. However, all eggs from a single individ- 
ual were the same color (Hann 1927). The 
eggs became progressively darker as the em- 
bryos developed. The larger egg clusters were 
usually composed of small component clusters 
(Plate I) in which the eggs often differed in size, 
color, and stage of development (Smith 1922). 

The number of eggs from twelve nests, 
collected June 21-July 5, 1951, from the West 
Gallatin River, ranged from 54 to 1587 eggs per 
nest with an average of 744. Since the largest 
number of eggs found in any female was 406, it 
is obvious that many nests were used by more 
than one female. In Prickley Pear Creek, the 
largest number of eggs found in any female 
was 437 and the maximum number in any nest 
was 1884. 

Incubation Period and Care of Nests —On the 
basis of 1951 spawning dates (June 5-30) and 
hatching dates (July 3-21), the incubation 
period in the West Gallatin River was 21-28 
days. Afternoon water temperatures during 
this period ranged from 46 to 63°F. Eggs taken 
artificially and fertilized with sperm from mac- 
erated testes were placed on hatching trays in 
water at a temperature of 48-50°F. Hatching 
began 30 days after fertilization but was not 
complete until 10 days later. These eggs became 
heavily fungused and were given frequent 
treatments with copper sulfate. Hann (1927) 
found that eggs, taken artificially, hatched in 
twenty days at temperatures of 55 to 59°F. 

An adult sculpin was present in almost every 
nest found. Sculpins captured from 11 nests in 
Wolf Creek and 5 nests in the West Gallatin 
River were all males. Smith (1922) observed 
that almost all nests had guardians and caught 
four which were males. Hann (1927) stated 
that the male guards the nest while the eggs 
are incubating. On the basis of observations 
made to date, however, the writer does not 
believe that males actually guard the nests, 
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and prefers to refer to them as attendants 
rather than guardians. Simon and Brown (1943) 
observed that the nests were rarely unaccom- 
panied by the male fish. Females were found in 
nests only during the spawning season and were 
usually accompanied by the male. Three West 
Gallatin River nests were visited twice weekly 
during the incubation period. The attendant 
parents were not: observed on every occasion 
but it was evident that attendance was con- 
tinued until hatching was nearly complete. 
Attendant males apparently served to keep 
the nests clean. Nests were remarkably free of 
silt, debris, and aquatic organisms which could 
otherwise be expected to accumulate. Very 
few fungused eggs were found in the nests. The 
presence of seven fungused eggs in the stomach 
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their first day of life (Table VI). Hann (1927) 
reported the standardlength to. be about 6.4 
mm. at the time of hatching, and Simon and 
Brown (1943) found the average total length 
of artificially hatched fry was 6.9 mm. On the 
14th day the yolk sacs were completely ab- 
sorbed and total lengths ranged from 9.0 to 
9.9 mm. with an average of 9.5 mm. After the 
yolk sac was absorbed, young sculpins closely 
resembled their parents except for size. 
Young Sculpins——Juvenile sculpins up to 
about 14 months of age could usually be dis- 
tinguished from other age classes on the basis 
of size. Average total lengths of preserved 
young sculpins increased from 7.8 mm. on 
July 16, 1951, to 19.5 mm. on August 31. The 
average total length of 110 specimens collected 


TaBLe VII 


TABLE VI 
ToTAL LENGTHS OF HATCHERY-INCUBATED SCULPIN DORAL 
Fry FROM WEsT GALLATIN RIVER 
(days) collection specimens Mini- | Maxi- | Aver- 
Minimum|Maximum Average mum mum age 
4 5.8 8.1 Pel 43 October........ 110 23 | 41 | 31.4 
2 6.9 8.0 7.6 3 December...... 55 23 41 | 29.0 
4 8.4 9.1 8.7 3 February....... 14 22 34 | 29.4 
7 Ved 9.5 8.8 3 March......... 14 21 34 | 28.4 
9 8.8 9.0 8.9 3 17 27 39 | 30.9 
14 9.0 9.9 9.5 3 1 eee ae 54 25 41 | 32.5 
245 26 51 | 35.9 
13 38 53 | 45.5 
of an attendant male might indicate that such August......... 7 48 60 | 52.9 
eggs are sorted from the clusters. 


No eggs were observed to be left above the 
receding water level in Prickley Pear Creek, but 
14 West Gallatin River nests were found 
stranded above the water level in 1951. Hann 
(1927) found no nests left above changing water 
levels and Gage (1878) felt that the fish had 
forethought as the eggs were never laid above 
the low water mark of July. 


AGE AND GROWTH 


Sac Fry.—All sculpins used in the aging 
studies were from the West Gallatin River. 
Egg clusters were incubated in hatchery 
troughs. Fry were held at temperatures of 
51-56°F., until their yolk sacs were completely 
absorbed. Total length measurements of fry 
were made on preserved specimens. Fry ranged 
from 5.8 to 8.1 mm. and averaged 7.1 mm. on 


in October, 1950, was 31.4 mm. (Table VII) 
and the average total length of 54 yearlings 
collected in May, 1951, was 32.5 mm. This 
would indicate very slow growth during the 
winter months. From June to the end of Au- 
gust, the average total lengths increased from 
35.9 mm. (245 specimens) to 52.9 mm, (7 
specimens). 

Older Sculpins.—Otoliths were taken from 
151 fresh specimens. These were stored in 95 
percent ethyl alcohol and then examined by 
the use of reflected light (magnifications 9 X- 
36) while immersed in oil of cloves. Narrow 
translucent rings alternating with wider opaque 
zones were visible. The white opaque zones 
were presumed to represent summer growth 
while the translucent rings evidently represent 
winter marks or annuli. The core of each otolith 
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was generally opaque white surrounded by a 
somewhat translucent band. The area imme- 
diately outside the core was an opaque zone 
representing the first. summer’s growth. 

Ages were determined from the otoliths of 
specimens collected a few at a time from 


Sex was determined for 112 specimens and 
average total lengths of males and females 
were compared in each age class (Table IX). 
The males were consistently larger than the 
females (Hann, 1927, and Simon and Brown, 
1943). 


TABLE VIII 


AVERAGE TOTAL LENGTHS OF EacH AGE Group OF ScULPINS COLLECTED IN WEST GALLATIN RIVER 
(Lengths in mm., number of specimens in parentheses) 


Number of annuli Feb. March May June July August Sept. Nov. 
I 29.6 31.0 33.3 40.7 56.7 
(14) (1) (16) (6) (3) (6) (3) 
II 69.2 67.6 64.4 67.5 70.2 rane 79.3 
(6) (5) (11) (17) (4) (3) 
Til 80.5 81.2 83.0 80.9 87.5 hs 98.0 
(8) (3) (3) (7) (2) (1) 
IV 102.2 98.7 96.9 84.0 118.5 
(4) (9) (8) (1) (2) 
V 94.0 93.0 110.0 
(1) (1) (1) 
Taste IX 
NUMBER AND AVERAGE TOTAL LENGTHS OF MALES be 
JUNE 3,1950 


AND FEMALES IN Eacu AGE Group 


Males | Females 
Number of 

length 
(in nun.) | (in mm.) 

I 5 57.0 | 2 48.5 

II 20 | 66.1 
III 10 83.1 | 19 81.6 
IV 17 103.7 | 7 | 90.0 

Vv 1 110.0 | 2 | 93.5 


February 25, 1950, to August 5, 1951. Total 
length measurements were made on fresh fish 
before the removal of otoliths. The smallest 
sculpins from which otoliths were taken (22-34 
mm.) were collected February 6, 1951. These 
had only one annulus and this was on the outer 
edge of the otoliths (Table VIII). The largest 
specimen from which otoliths were taken, was 
a 119 mm. male collected November 11, 1950; 
it had four annuli. Three specimens had five 
annuli; two were females (93 and 94 mm.), 
and one was a male (110 mm.). Average total 
lengths in mm. for the five age groups ranged 
as follows: I—29.6-56.7; II—64.4-79.3; III— 
80.5-98.0; IV—84.0-118.5; and V—93.0-110.0. 
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Fig. 4. Length-frequency curves for three collec- 
tions of sculpins from the West Gallatin River. 


Length-frequency Distribution.—A length-fre- 
quency study was made on 1681 specimens 
collected on the following dates: 503, June 3, 
1950; 288, October 28, 1950; 899, June 5, 1951. 
A length interval of 2 mm. was used in pre- 
paring the frequency polygon (Fig. 4). Age 
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group I showed a mode at 39.5 mm. in the 
June 3 collection and at 61.5 in the October 
sample. The mode at 31.5 mm. in the October 
polygon represents sculpins hatched during 
the summer of 1950. The peak of the first 
mode in the June 5, 1951, collection was at 
35.5 mm. 

Fish two years old and older did not show 
clearly defined modes in any of the collections. 
However, a comparison of the June 3, 1950, 
length-frequency polygon with the mean total 
lengths of June specimens aged by otoliths 
(Table VIII) indicated satisfactory agreement 
between the two methods. 

The largest sculpins obtained for this study 
were collected by William D. Clothier in irri- 
gation canals which originate in the West 
Gallatin River. One male had a total length of 
140 mm. after preservation and a female 
measured 124 mm. The largest sculpin found 
in Prickley Pear Creek was a male 139 mm. in 
total length. The largest sculpin reported by 
Hann (1927) was a male with a standard length 
of 113 mm. 

Length-weight Relationship—The relation- 
ship between fresh total lengths and weights 
for the sexes combined was obtained for 206 
West Gallatin River sculpins collected as 
follows: 179 specimens October 28, 1950; 3, 
November 9, 1950; 19, July 3, 1951; and 7, 
August 5, 1951. The weight-length data were 
fitted to the equation W = CL" where W = 
weight in grams, C = a constant, and L = 
length in mm. The resulting equation expressed 
in logarithmic form was logW = 5.202 + 
3.16(logL). A calculated length-weight curve 
was prepared which satisfactorily fitted the 
average length-weight values computed for 5 
mm. class intervals except for specimens over 
109 mm. total length. This discrepancy may 
be explained by the fact that only five fish 
larger than 109 mm. were available for the 
calculations. 

The relationship between total lengths and 
standard lengths of preserved sculpins was 
determined for 147 specimens (total lengths 
10-124 mm.) selected to give nearly equal 
representation to all sizes. The equation rep- 
resenting the least-squares line of relationship 
was Y = —1.032 + 0.827X where Y = stand- 
ard length in mm. and X = total length in mm. 
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SUMMARY 


An investigation was made on the life history 
and ecology of the Rocky Mountain mottled 
sculpin, Cottus bairdi punctulatus, in the West 
Gallatin River, Prickley Pear Creek, and Wolf 
Creek, Montana. The study began in January 
1950 and continued until October 1951. An 
analysis of 903 sculpin stomachs showed that 
bottom-dwelling aquatic insects comprised 
99.7 percent of the total number of food or- 
ganisms consumed; of these, Diptera larvae 
and pupae constituted 55.5 percent; caddis fly 
larvae and pupae, 36.7 percent; mayfly nymphs 
3.8 percent; stonefly nymphs, 2.1 percent; un- 
identifiable insects, 1.6 percent; fish and fish 
eggs, 0.1 percent; and all others, 0.2 percent. 
Caddis flies were consumed in greatest num- 
bers during fall and least in spring while 
Diptera were taken most in spring and least in 
fall. 

The maximum amount of food per stomach 
occurred during the winter months (tempera- 
tures 32-33°F.), while the minimum was found 
in the summer. Almost all samples for food 
analysis were collected in the afternoon. 

Sculpins were most abundant in riffle areas, 
where rubble and boulders predominated, and 
were least abundant where the bottom was 
entirely sand or clay. The young typically 
inhabited quiet waters. 

Twenty-one marked sculpins from a total of 
75 released in Prickley Pear Creek were re- 
captured within 470 feet of the point of release. 

The 1951 spawning season was from June 5 
to 30 and hatching occurred from July 3 to 21, 
indicating an incubation period of 21 to 28 
days. Afternoon water temperatures during 
this period ranged from 46 to 63°F. Sexual 
maturity was attained by some individuals at 
the age of two years. All females over 74 mm. 
total length were sexually mature. 

An attempt was made to determine sex by 
such external characters as the distended 
abdomens of females, the genital papillae of 
males, and head widths, and these methods of 
sex determination were verified by examination 
of the gonads. 

Development of ovaries was determined by 
calculating ripeness factors based on the ovary 
volume and the cube of the total length of the 
fish. The number of eggs per female averaged 
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203 and ranged from 69 to 406. The number of 
eggs per nest ranged from 54 to 1587 and 
averaged 744, indicating that many nests were 
used by more than one female. 

The nests, which were merely holes under 
rocks or other suitable materials, were pre- 
pared and attended by the males. 

Total lengths of fry one day old or less 
ranged from 5.8-to 8.1 mm. and yolk sacs were 
completely absorbed after two weeks when 
lengths ranged from 9.0 to 9.9 mm. Average 
total lengths of young sculpins increased from 
7.8 mm. in July to 31.4 mm. in October. The 
same age group averaged 32.6 mm. in the 
following May, and 52.9 mm. in August. 

As a result of otolith studies on 151 speci- 
mens, average total lengths of five age groups 
were as follows: age group I, 29.6-56.7 mm.; 
II, 64.4-79.3 mm.; III, 80.5-98.0 mm.; IV, 
84.0-118.5 mm.; and V, 93.0-110.0 mm. 

Length-frequency data in general agreed 
with growth data based on otolith studies. 
The length-weight relationship for 206 scul- 
pins was expressed by the equation logW = 
5.202 + 3.16(logL). The equation Y = —1.032 
+ 0.827X represents the relationship between 
total length (X) and standard length (Y) of 
147 preserved specimens. 
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paucity of specific literature regarding the 
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Species of Centrarchid Fishes 
STOKELY 


ought to prove equally fruitful. It was in this 
frame of mind that the present investigation 
was undertaken. 

The writer is especially indebted to the fol- 
lowing teaching fellows in the Department of 
Biology of the University of Notre Dame: Mr. 
Robert Shaver for his painstaking drawings, 
and Messrs. Joseph Berberian and Lawrence 
Monaco for their assistance in the collection 
and preparation of the specimens. 

The data on the bluegill sunfish, Lepomis m. 
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macrochirus Rafinesque, and the warmouth, 
Chaenobryttus coronarius (Bartram), were fur- 
nished by a series of specimens collected from 
St. Joseph and St. Mary’s Lakes on the campus 
of the University of Notre Dame in the Spring 
of 1950. The eighteen bluegills ranged in stand- 
ard lengths from 23 to 172 mm.; the eight war- 
mouths, from 91 to 141 mm. The approximate 
ages (determined with a reasonable degree of 
accuracy by counting the annual growth rings 
in several scales from each specimen) varied 
from less than one year (in two specimens) to 
five years among the bluegills and from three 
to five years among the warmouths. Variation in 
size among individuals of the same age is in- 
dicated by the eight two-year-old bluegills 
whose standard lengths varied from 72 to 108 
mm, and the three five-year-old warmouths 
ranging from 109 to 135 mm. Eleven bluegiils 
were sufficiently matured to permit easy sex 
determination; five were females and six were 
males. The warmouths were not sexed. 

The specimens were cleared and stained as 
described by Davis and Gore (1936). Observa- 
tions and drawings were made with the aid of a 
low-power binocular dissecting microscope. Un- 
less definitely stated to the contrary, the state- 
ments made in this paper are believed to be 
applicable to both species. 

The typical amphicoelous vertebrae, includ- 
ing the urostyle (Whitehouse, 1910), number 29 
with the exception of one bluegill and two war- 
mouths with 30. The extra vertebrae in these 
three fishes are caudals. Generally there are 12 
trunk and 17 caudal vertebrae. In two bluegills 
an extra trunk vertebra could be accounted for 
by the occurrence of the first haemal arch on 
the fourteenth rather than on the thirteenth 
vertebra; similarly an extra caudal in a war- 
mouth resulted from the development of the 
first haemal arch on the twelfth rather than the 
thirteenth vertebra. 

The “hourglass” centrum encloses a small- 
caliber cavity. There are no central fenestra- 
tions. In the caudal region the terminal 
convexities of each centrum appear bridged 
together on either side by a narrow strip of 
spongy-looking bone, leaving a hollow concavity 
underneath (Figs. 4A and 5A). In the trunk 
region of the warmouth these bridges between 
the ends of a centrum are ventral to the trans- 
verse processes on vertebrae 8 to 10 inclusive, 
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and both ventral and dorsal to the transverse 
processes on vertebrae 11 and 12. From there 
caudad, there is only one on either side of each 
centrum—in a median position unobstructed 
by the presence of a transverse process (Figs. 
4A and 5A). In the trunk region of the bluegill 
these bridges, ventral to the transverse process, 
are not so well defined. The centra toward 
either end of the vertebral column are shorter 
and they gradually lengthen towards the middle 
of the column, the maximum being attained by 
the eighth to the sixteenth vertebrae inclusively. 

Ford (1937) pointed out that the functions 
performed by the atlas-axis complex in the 


higher vertebrates—attachment of the skull to” 


the spinal column and provision of an axis on 
which the head moves—are in teleosts either 
assumed by the first vertebra or the first few 
vertebrae. Evans (1939) stated that in bony 
fishes the first two vertebrae differ from those 
behind them only in being a little shorter. They 
are indeed shorter and the first more so than 
the second. There are, however, other detect- 
able differences. On the first vertebra of the two 
centrarchids studied here, there are three points 
of articulation with the skull: a round central 
concavity directed somewhat ventrad and two 
dorso-lateral projections meeting similar out- 
growths from the skull (Fig. 1). A pair of sturdy, 
winglike, and somewhat lateral extensions of 
the centrum project caudad from each of the 
first two vertebrae. These are here designated 
as post-zygapophyses and are far more con- 
spicuous than anything suggesting a pre- 
zygapophysis. There is a distinction here as 
compared with the remaining vertebrae where 
the pre- and post-zygapophyses are develop- 
ments of the neural arch. 

Developments from the neural arch (neural 
zygapophyses) are fairly well developed and 
functional on the trunk vertebrae (Fig. 2A and 
2B). In the caudal region the neural arches are 
lower, though not so low in the warmouth as in 
the bluegill, and the anterior part is frequently 
reduced to a small antero-dorsad projection 
which fails to meet a similar tiny neural post- 
zygapophysis of the preceding vertebra (Fig. 
5A and 5B). Analogous processes, haemal 
zygapophyses, are found but are poorly devel- 
oped and nonfunctional-on the haemal arches of 
some caudal vertebrae (Fig. 5A). The haemal 
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pre-zygapophyses are particularly weak on the 
first three caudals. 


Fig. 1. First and second vertebrae of a two year 
old bluegill. C, centrum; ER, epipleural rib; NA, 
neural arch; NS, neural spine; PoZ, post-zyga- 
pophysis; PrZ, pre-zygapophysis. 


of the first two vertebrae lie close to, but do not 
fuse with, the underlying centrum.) The arches 
terminate in typical neural spines except on the 
last three vertebrae. The neural arches occupy 
the entire length of each centrum. In the trunk 
region the neural spines are continuations of 
the neural arch at the posterior end of the cen- 
trum while in the caudal region the opposite 
condition obtains, the neural spine comes off 
the anterior end (Figs. 2 and 5). The neural 
spines of the anterior trunk vertebrae (varying 
from the first 11 to the first 14) lie in close ap- 
proximation to the greater length of the radials 
of the dorsal fin. In some on each specimen it 
appears that the hollow surface of the neural 
spine receives the neighboring radial in a loose 
tongue-and-groove arrangement. On the first 
8 or 9 vertebrae, the neural spines present their 
anterior surfaces to the corresponding radials, 
while for the next 4 or 5 it is the posterior surface 
which meets the radial. The neural arch from ) 


Fig. 2. Vertebrae 9 and 10 of a three year old warmouth (A) and a two year old bluegill (B). C, centrum; 
NA, neural arch; NS, neural spine; PoZ, post-zygapophysis; PrZ, pre-zygapophysis; R, rib; T, transverse 


process. 


Except for the aberrant ultimate and penulti- 
mate vertebrae, there is a neural arch, formed of 
two distinct moieties, firmly ankylosed to the 
centrum of each vertebra. (Ford, 1937, wrote 
that in the typical percoid fish the neural arches 


each vertebra from the third to the twenty-)- — 


second inclusive is penetrated by two fenestrae. 
From the twenty-third to the last complete 
centrum the neural arch has but one fenestra. 

Well developed haemal arches and spines are 
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present on each vertebra from the thirteenth to 
the twenty-sixth inclusive. (As mentioned 


above, the first haemal arch occasionally is 


found on the twelfth or fourteenth vertebra.) 
The haemal arches are only rarely fenestrated. 

Transverse processes are present on the trunk 
vertebrae (Fig. 2), with the exception of the first 
two. They are consistently found on the first 
~ acudal and are not absorbed in the formation of 
the haemal arch but together with it make up a 
single structure (Figure 4). This makes it diffi- 
cult to state with certainty that these apophy- 
ses! are haemapophyses, especially in the ab- 
sence of complete transition stages found, for 
example, in salmon (Salmo salar), in which the 


NS 


Fig. 3. Transition area between trunk and tail 
region showing 12th, 13th (first caudal), and 14th 
vertebrae of warmouth. C, centrum; HA, haemal 
arch; HS, haemal spine; NA, neural arch; NS, 
neural spine; PoZ, post-zygapophysis; PrZ, pre- 
zygapophysis; R, rib; T, transverse process. 


haemal arches open up toward the middle of 
the column and the remaining basal stumps of 
the trunk region serve there for rib attach- 
ment. The apophyses here under discussion, 
probably best considered simply as transverse 
processes, apparently are excellent points for 
muscle attachment. The ribs are joined to them 
by ligaments near their proximal ends (Fig. 2). 

Ribs are regularly present on the trunk 
vertebrae. In the bluegill, ribs are likewise 
present on the first caudal (with the exception 

1The usage with regard to the terminology of the various 
types of vertebral apophyses is somewhat confused. For 


example, Hyman (1942) used a to mean a projec- 
tion from the centrum for the attachment of the lower head 


of the two-headed ribs; Romer (1949) indicated that any 
transverse process serving for rib attachment is a parapophy- 
sis; Storer (1951) used the term evidently for any transverse 
process. 
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of the cases in which the fourteenth vertebra 
is the first caudal). However, in the warmouth 


“ribs are not found on the first caudal (Fig. 3), 


éven in the single instance in which the first 
caudal was the twelfth rather than the thir- 
teenth vertebra. (See Fig. 4 for comparison of 
the first caudal of Chaenobryttus coronarius 
with that of Lepomis m. macrochirus.) 

Many teleosts, such as the salmon, possess 
both dorsal and pleural ribs on the same verte- 
brae. Evidently either type may be found 
directly attached to the centrum or to 
basapophyses. Without embryological evidence, 
the position of the ribs in relation to the muscles 
and coelom is the sole criterion for their being 
designated as dorsal or pleural ribs. Hyman 
(1942) stated that, according to the work of 
Emelianov, the ribs may shift their position 
with regard to the muscles during ontogeny, 
rendering their position in the adult an unsafe 
criterion for distinguishing between dorsal and 
pleural ribs. This evidently refers to the shift- 
ing of the pleural ribs to the dorsal position 
rather than vice versa. Since all of the ribs at- 
tached to the trunk vertebrae (except those on 
the first two) lie between the muscles and the 
peritoneum, they are apparently pleural ribs. 
But the possible shift of a true pleural rib to 
the position normal to a dorsal, i.e., in the 
myocommata, makes it somewhat hazardous to 
call the ribs on the first two vertebrae “dorsal,” 
but their position in the muscles and their 
shape and direction indicate that they are of 
that type. Since they lie on the neural arch 
(Fig. 1), they might be properly designated 
“epineurals,” following Bridge (1910) and 
Kingsley (1926). Similarly, one terms “epi- 
pleurals” the extra ribs found in these cen- 
trarchids attached to the first 8 pairs of pleural 
ribs. These epipleurals have the same size, 
shape and position in the myocommata as the 
epineurals. 

The last 5 vertebrae are deflected dorsad; 
the penultimate and ultimate decidedly so. 
The last 3 are further modified in their relation 
to the caudal fin (Fig. 6). The most anterior of 
these, the antepenultimate, shows no readily 
discernible differences from those immediately 
preceding it other than the elongate epural and 
hypural bones. It is obvious that these latter 
are extensions of the neural and haemal spines, 
respectively, and show a transition stage be- 
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tween the normal spinous processes and the found that the two most posterior centra of 
more characteristic epurals and hypurals. Ford the embryo atrophied almost completely, ex- 
(1937) adopted from Regan the term autog- cept for a small remnant which together with a 
enous to describe bones which are closely small piece ensheathing the terminus of the 
applied to but not definitely fused with the notochord are fused to form the styliform pro- 
centrum. Although not easily detected, the jection of the urostyle. Undoubtedly the forma- 
antepenultimate hypural is autogenous (Fig. _ tion of the urostyle varies to some extent among 


6). different groups of teleosts. The developmental . 


In his work on the larval herring, Ramanujam _ origin of the urostyle cannot be exactly deter- 
(1929) found the penultimate vertebra to be mined for the two centrarchids in these studies, 
formed by the fusion of two centra, and the though it evidently involves more than one 
double origin was further indicated by the vertebral segment. 
presence of two hypurals. The smallest speci- The roughly cone-shaped urostyle has its 
mens used in this present study showed the somewhat broadly extended apex sharply de- 
bluegill and warmouth to have only a single flected dorsad (Fig. 6). A vestige of a neural 
centrum and one hypural for the penultimate arch rises and bends craniad almost to touch a 
tiny backward extension from the neural arch 
of the penultimate vertebra. Four of the bones 
dorsad to the urostyle are identified but not 
with certainty. An autogenous epural and two 
dorsal caudal radials (Ep3 and DCR of Fig. 6) 
support the caudal fin rays as do the hypurals 
below. The fourth (NA’) has a broad base 
which lies free above the basal portion of the 
urostyle, and a slender projection from this 
base closely parallels the upward deflection of 
the styliform terminus of the urostyle. In his 
description of the caudal fin of Serranus cabrilla, 
Whitehouse (1910) said that a similar structure 


Fig. 6. The three terminal vertebrae (Nos. 27- i i 
29) of a two year old bluegill. CNA, crested neural protects the delicate end of the spinal cord and 


arch; DCR, dorsal caudal radial; Ep1—Ep3, epurals; probably represents one or more neural arches 
H1-H7, hypurals; NA’, extra neural arch; UR, of vertebrae now absorbed in the urostyle. (See 


urostyle. Fig. 6 for an unidentifiable oblong bone be- 
tween NA’ and Ep3.) 

Of the five hypurals associated with the 
urostyle, the most anterior (H3 of Fig. 6) lies 
free of any contact with the urostyle. Its base 
is still recognizable as a haemal arch enclosing 
a canal. From this base a spur-like process 
extends out and dorso-caudad, evidently 


vertebra. The neural arch bears a decided crest 
(Fig. 6) which varies considerably in size and 
shape among the specimens. Ford (1937) be- 
lieved this crested condition of the neural arch 
of the penultimate vertebra to be common to 
the ‘‘Percomorphi.” Rather widely separated 
from its neural arch is the long slender epural z } ; 
(Ep2). The hypural (H2) is likewise autogenous, ‘%®tV!98 for muscle attachment. This ee 
greatly developed at its base, and widened, Sometimes a tapering point (Fig. 6) or ends in a 


slightly throughout its length (Fig. 6). spear-head. In his observations of the centrar- 
Ramanujam (1929) found that in the herring Nehids in the British Museum, Ford (1937) found 


the urostyle and the bones associated with it the hooked hypural universally present. The 
are formed from the embryonic rudiments of €Xt three hypurals have their bases much re- 
three vertebrae, parts of which are either lost duced and lie in close contiguity with the ter- 
or greatly altered during ontogeny. Whitehouse _ minal shaft of the urostyle but are not ankylosed 
(1910) had said that, although the urostyle with it (Fig. 6). The most anterior of the three 
appeared as simply a prolongation of the last | (H4) has a much broader elongate portion than 
centrum, it actually represents a fusion of the other two, with the middle one (H5) the 
several centra. Ramanujam (1929), however, narrowest of the three. The most posterior hy- 
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pural (H7) is considerably broader than the 
others and its proximal end is wedged in be- 
tween the neighboring hypural and the upward 
flexure of the urostyle, to which it might pos- 
sibly be fused. Each hypural fans out distad 
and the two most posterior ones at their proxi- 
mal ends show no resemblance to a haemal 


arch. 


Clothier (1946) found that in the goby, 


~ Clevelandia ios, as well as in two closely related 


forms, the vertebrae underwent considerable 
morphologic alteration during the period from 
hatching to almost adult sizes. The vertebrae 
of the bluegill and warmouth, however, showed/ 
no distinct morphologic differences between 
the smallest and the largest. 

The series of two species of Centrarchidae 
examined shows their vertebral columns and 
associated bones to be similar in most details. 
The most notable exception is the presence of 
a pair of ribs on the first caudal of the bluegill 
and their absence on the same structure in the 
warmouth. Extra vertebrae are caudals. The 
occasional presence of the first haemal arch on 
the twelfth or fourteenth vertebra, instead of 
on the thirteenth, results in either an extra 
caudal or an extra trunk vertebra, respectively. 
There are no gradual! transition stages between 
typical trunk and typical caudal vertebrae. 
The first haemapophyses form a complete 
arch and spine. It is quite possible that further 
examination of the skeletons of freshwater 
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fishes might clear up some problems of relation- 
ship and prove of real taxonomic value. 
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Conditioned Restrictions of Movement in Fishes, 
Fancied and Real 


C. M. BREDER, JR. AND ETHEL HAFTER ATZ 


HERE is a general belief, in lay circles at 

least, that if fishes are kept in a small bowl 
for a long time they'will, when released in a 
pond or large tank, continue to move in a cir- 
cular path for a more or less extended period. 
This notion appears in various guises from time 
to time and usually concerns goldfish. The in- 
ference is made that the fish “do not realize” 
that the transparent glass confining wall is no 
longer restricting their movement. Actually, 
such a fish usually swims rapidly away from 


the point of release. If the container is emptied 
very slowly and gently so as to frighten the fish 
as little as possible, there may be a pericd in 
which the fish very gradually leaves the con- 
tainer and moves off in an unhurried manner. 
Many observations of this have been made 
over an extended period of years, and actually 
with more favorable material than could be 
readily provided by ordinary laboratory prac- 
tice. 

Many times during the twenty-two years 
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one of us spent at the old New York Aquarium, 
persons would bring in a bowl of goldfish which 
they were forced to relinquish for one reason or 
another. Such bowls of fishes, according to the 
donors, had been maintained for periods up to 
about five years. Perhaps the average would 
have been close to two years. None of these 
fishes was in the slightest deceived about the 
absence of the walls of the bowl. This specific 
item of behavior was watched for in all cases. 

The very special case described by Breder 
and Rasquin (1951) is without bearing on the 
above considerations. In this instance, fishes 
returned to the bucket in which they had been 
held, when upon their release they were con- 
fronted both with a background they did not 
match and with the presence of predators. The 
present remarks refer to releasing fishes in en- 
vironments which are not grossly inimical. 

It has been clearly indicated by Breder 
(1943) and Breder and Gresser (1941) that the 
blind fish, Anoptichthys, has no, or at least 
inadequate, distance receptors concerned with 
the location of solids. That is to say, these 
fishes collide with stones and walls until they 
establish the location of such objects by some 
mechanism evidently involving memory of 
position. Certain behavior, noted when in- 
dividuals were emptied into a large aquarium 
from fruit jars, led us to suppose that the 
alleged behavior of eyed fish might actually be 
present to some extent in these blind ones. To 
establish the validity of this idea, a glass cylin- 
der of 5} inches diameter was placed standing 
in an aquarium, and two fully grown Anop- 
tichthys antrobius Alvarez were put in it. After 
twenty-four hours the cylinder was gently 
withdrawn and the fish continued to circle for 
about ten seconds. Interestingly, this circling 
did not remain precisely over the exact spot 
covered by the cylinder, but gradually moved 
off to one side. When the fish encountered 
“new” bottom, they appeared agitated as evi- 
denced by faster swimming and_ twitching 
movements, and they slowed down when they 
re-entered the area which had been included 
within the cylinder. A second trial of the same 
two fish, confined as before but for forty-eight 
hours, yielded similar results. It could not be 
said, however, that the restricting influence 
lasted longer or gave other evidence of being 
stronger. 
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A third trial with confinement of ninety-six 
hours gave jess marked results. There was 
hardly any circling, and the fish quickly passed 
to other areas. There was, however, a marked 
tendency for the fish to remain in the general 
location of the cylinder, and for from five to 
ten minutes later a more or less frequent return 
was made by both fish to the area which had 
been encompassed by the cylinder. This may 
merely mean that the fish, on this third trial, 
were becoming accustomed to the whole pro- 
cedure. The aquarium used had a floor area of 
2 feet by 1 foot and the cylinder, 5} inches in 
diameter, had been placed with its center over 
a point 6 inches from one end on the length- 
wise center line of the aquarium. The half area 
(1 foot by 1 foot), also centered at this point, 
covered virtually the entire travels of the two 
fish for at least two days after their release. 
Before this series of experiments was begun, 
the fish wandered over the entire available area. 

Whether or not there is any significant dif- 
ference in behavior depending on length of con- 
finement could only be revealed by extended 
studies along this line. 

Young Anoptichthys of about 15 mm. stand- 
ard length were similarly confined for twenty- 
four hours but showed no such behavior when 
the cylinder was removed. They immediately 
charged off in various directions. It is notable 
in this connection that these fishes at this size 
rub their chins along a surface to a considerable 
extent. Larger and older fish rarely do this, but 
maintain a fairly definite distance from a sur- 
face with which they are familiar. Ordinarily, 
when these larger fish do collide with a surface, 
they rebound from it and do not travel along 
in a rubbing contact with it. Therefore, when 
removing the cylinder from around the small 
fish, care was exercised to withdraw it when 
the fish were not sliding along its inner surface. 

The implication would seem to be that in the 
younger fish the establishment of a good “‘spa- 
tial memory” had not yet taken place. These 
smaller fish are growing very rapidly and it is 
conceivable that the adult pattern of avoiding 
obstacles cannot appear until the speed of brain 
growth has been substantially slowed. This idea 
could be made the subject of experimental 
study. 

Twenty-four hour confinement of eyed 
Astyanax mexicanus (Filippi) and blinded ones 
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(blind for at least three years) merely produced 
what might be called a state of panic, naturally 
more notable in the eyed fish. In both instances 
one fish jumped out. This did not occur in any 
of the other experiments. 

Blinded Carassius auratus (Linnaeus), blind 
for two years, behaved more like the cavefish 
after a number of experiences with the cylinder 
than did their eyed relatives. This would seem 
to be related to the relative “placidity” of the 
cavefish and goldfish as compared with As- 
tyanax. Optically intact Ameriurus nebulosus 
(LeSueur) simply swam away when the cylinder 
was lifted. This form is notably thigmotactic. 

It thus appears that fishes which are to a 
large extent optically motivated encounter no 
difficulty in responding appropriately to release 
from a small transparent container. On the 
other hand, normally blind fish lacking such 
visual cues, and depending on the more diffuse 
non-visual ones, show some sluggishness of 
reaction to a release from such a container. 

Another general belief which also appears 
from time to time is that if a glass partition is 
placed in an aquarium with a pike or similar 
fish on one side, and some small minnows 
placed on the other, after a time the pike will 
cease in its efforts to try to catch the minnows. 
When this occurs, it is then allegedly safe to 
remove the partition and the pike will live in 
peace with the smaller fish. This idea is evi- 
dently rooted in the reports of Mébius (1873) 
and Triplett (1901). Both deliberate and casual 
repetitions of these experiments with a variety 
of species have led only to the destruction of 
the minnows. An abundant literature, however, 
is available which indicates not only that the 
fishes have the ability to form conditioned re- 
flexes, but also that the individual behavior 
traits control the ability of fishes to do so 
(Milligan, 1916; Bull, 1928, 1929, 1930, 1935a, 
1935b, 1936, 1938). Both Mébius (1873) and 
Triplett (1901) suggested from their experi- 
ments with pike and perch, respectively, that 
these fish had within a few months formed a 
conditioned reflex to the “pain” of bumping 
into a glass partition in an attempt to get at 
minnows on the other side. As a result of this 
conditioning, removal of the partition resulted 
in no attack on the minnows, and in addition, 
as reported by Triplett, the perch did not ven- 
ture beyond the point where the partition for- 
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merly had been. In the light of more recent 
work, however, certain factors in both these 
earlier experiments must be considered: a 
measure of intensity of the conditioning stimu- 
lus (“pain,” actually a collision with the glass) 
was not objectively known; the conditioning 
stimulus was, in effect, negative as both “pain” 
and no “pain” were associated with no food. 

Another explanation of the Mébius experi- 
ment was offered by Bateson (1890) who sug- 
gested that the behavior of the pike could be 
explained on the basis of habituation by con- 
stant association. 

It can be shown with less predatory forms at 
least, that fishes of the same kind can become 
habituated to certain foods and to smaller 
members of their own kind which otherwise 
might be eaten. For example, a small group of 
goldfish were brought into a house from a small 
lily pond late in the fall for wintering. These 
fish had been feeding all summer on insects 
and to a considerable extent on their own off- 
spring. In fact there was only one young fish 
of that year found when the pool was emptied. 
Since it was obvious that in the confines of a 
relatively small aquarium (3 feet by 144 feet 
by 114 feet) the small fish would be quickly 
eaten, it was placed in another aquarium with 
a population of Gambusia a. affinis (Baird and 
Girard), the largest of which was not over 
twice its length. About four months later it 
was noticed that the goldfish (1 inch standard 
length) was in a rather poor condition. It had 
been picked on by the Gambusia so that the 
fins were ragged. During this time all the fishes 
had been fed exclusively on prepared dried 
food. Since the tank containing the large gold- 
fish (4 to 5 inches standard length) was well 
grown with plants, the little individual was 
slipped unobtrusively into the aquarium after 
the larger fish had been deliberately overfed. 
For the first day the small fish stayed as far 
away from the much larger fish as possible and 
kept among the plants. Several times the next 
day it ventured forth and was chased by one or 
more of the larger fish. For the first week it 
was fed separately from the large fish. The pro- 
cedure was to feed the large fish first, and while 
they were engaged, feed the smaller, with a 
smaller size of granule. On the third day the 
small fish recognized the place where its food 
was placed and subsequently was there at 
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feeding time. By the end of the first week this 
was a well established pattern. After the small 
fish had fed, it would hesitatingly join the 
larger group to feed with them also. By the 
end of the second week it had become one of 
the group, and was evidently so “recognized”’ 
by the rest—as a fellow aggregation-mate and 
not as a food object—although the largest 
individual could easily have swallowed the 
small fish. It may be added parenthetically that 
the omnivorous voraciousness of fully healthy 
goldfish will induce them to strike at practically 
any sufficiently small moving object, including 
their own kind or even gas bubbles arising 
from some subterranean decomposition. These 
same individual fishes in the fall of the pre- 
vious year ate a considerable number of their 
offspring when they were carelessly added to 
the aquarium, both year classes being slightly 
but proportionally smaller. 

While there is no satisfactory evidence that 
predaceous fishes may be trained not to feed 
on minnows by the method alleged, there is 
good evidence that habituation to foods and 
fellows among aggregating fish may determine 
whether a given individual is to be treated as 
a companion or a food object. 

Related to this restrictive phenomenon are 
the changing attitudes of individual fishes to 
others under differing circumstances. For exam- 
ple, black bass will ordinarily pursue and catch 
smaller sunfish, but the latter, when on their 
nests, have been seen to chase away black bass 
large enough to swallow them (Breder, 1936). 
Similarly, cichlids have been observed (Breder, 
1934) attacking human hands. Such defensive 
behavior is well known to persons working with 
living fishes. The reaction of the larger fish, 
that of fleeing promptly from a fish which 
would otherwise be dealt with as a food item, 
seems to be rooted in a deep-lying primary 
reaction common to many animals, to flee from 
anything approaching rapidly, and then later 
perhaps to investigate. These and related mat- 
ters have been discussed in detail for aggregat- 
ing fishes by Breder and Halpern (1946) and 
for schooling fishes by Breder (1951). This 
basic tendency is evidently over-ridden when 
the territoriality of the nest is established. 
Eupomacentrus leucostictus (Miller and Tros- 
chel), which normally lives in empty shells, 
whether nesting or not, displays such behavior 
at nearly all times. Juveniles of this species 
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will also show this behavior at a certain stage 
of development. The behavior of Eupomacen- 
trus is distinctly different from that of the small 
goldfish described above. The goldfish did not 
“intimidate” the others by dashing at them, 
but slipped “unobtrusively” into the group, 
and beat a hasty retreat if approached by one 
of the others. 

A transparent barrier such as the side of an 
aquarium or a partition therein evidently pre- 
sents a problem to the fish mind which varies 
widely in different species. Some forms, notably 
various oceanic fish, such as mackerels and 
certain individuals of other species, such as 
small tarpon, seem to be incapable of learning 
to react appropriately to a glass wall and con- 
tinually attempt to swim through it, some- 
times to their own destruction. Naturally most 
fishes well suited to aquarium life soon give up 
such attempts. While there would seem to be 
nothing present in the normal environment of 
fishes in any way resembling such vertical 
transparent walls, sharp temperature gradients 
may act in a roughly similar fashion. Breder 
(1951) described such a reaction. in herring. 
These fish responded to a temperature gradient 
in a manner which closely resembled their 
turning back sharply from a glass wall. 
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Ichthyological Notes 


ERYTHROCYTE COUNTS AND HEMOGLO- 
BIN DETERMINATIONS FOR TWO SPECIES 
OF SUCKERS, GENUS CATOSTOMUS, FROM 
COLORADO.—This investigation was intended to 
be a study of erythrocyte variation in two species 
of Catostomus as a function of altitude, but so many 
technical difficulties were encountered that such 
plans had to be discarded. In view of the paucity 
of available information about sampling fish blood, 
erythrocyte counts, and hemoglobin content, it is 
felt that the small amount of such data accumulated 
is worth presenting. Field work was carried on in 
Boulder County along the east slope of the Front 
Range of the northcentral section of Colorado, 
where altitudes vary from 5,000 to more than 12,000 
feet. Laboratory work was done in the Department 
of Biology at the University of Colorado and this 
paper constitutes Contribution No. 19 of the Lim- 
nology Laboratory, Biology Department, Univer- 
sity of Colorado. 

Two species of suckers of the genus Catostomus 
inhabit this section of Colorado. C. commersoni 
suckleyi Girard, the western white sucker, is the 
predominant stream sucker of the plains and foot- 
hills up to an elevation of about 7,500 feet, where it 
is replaced by C. catostomus griseus Girard, the 
western longnose sucker, in streams at higher 
elevations. The white sucker, however, is the pre- 
dominant species of the lakes and reservoirs of 
both the plains and the high mountains. 

Great difficulty was experienced in drawing and 
preserving satisfactory blood samples for a later 
count. About 350 specimens of C. commersoni 
suckleyi and about 125 of C. c. griseus were utilized 
in getting 9 and 3 samples respectively, on which 
valid, trustworthy counts were obtained. Almost 
invariably the blood coagulated, hemolyzed, or 


crenated during handling. A variety of methods for 
taking and holding the blood was tried, but none 
gave consistently satisfactory results. 

The best results were obtained by drawing and 
immediately diluting blood taken directly from the 
macerated heart, using a standard diluting pipette. 
A thin coating of anti-coagulant was distributed 
in the pipette by evaporating to dryness one-half 
milliliter of solution containing four milligrams of 
anti-coagulant per milliliter. Potassium oxalate, 
ammonium oxalate, and sodium citrate were tried 
as anti-coagulants with no noticeable difference in 
their effects. When sufficient anti-coagulant was 
used to deter coagulation noticeably, perceptable 
shrinkage of the erythrocytes occurred. All the 
methods in which the blood was held undiluted 
proved unsatisfactory as no suitable means was 
found for preventing coagulation or hemolysis. 
The use of the diluting pipette under field conditions 
was awkward, since speed was essential in drawing 
the blood into the pipette. The blood had to be 
drawn exactly to the mark with a very minimum 
of adjusting, and immediately diluted; otherwise 
the result was a string of coagulated blood. Quite 
often the blood would hemolyze as it was diluted, 
for no apparent reason. Other workers (Powers, 
Rostorfer, Shipe, and Rostorfer, 1938, Jour. Tenn. 
Acad. Sci., 13: 220-45) have attributed this difficulty 
to the contamination of the sample with small 
amounts of tissue fluid. 

The diluted samples that were satisfactorily 
drawn were sealed with rubber caps and transported 
to the laboratory where the counts were made within 
4 hours. Standard red cell diluting pipettes were 
used and dilutions were made in the ratio of 1:200 
using several standard solutions (Hayem’s, Hay- 
den’s, Gower’s, and isotonic citrate solution). Since 
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none of these gave satisfactory results, several 
variations were tried. The one that gave the best 
results had the following composition: 10.0 grams 
sodium sulfate, 2.5 grams sodium chloride, 1.5 
grams sodium citrate, 50.0 milliliters of glacial 
acetic acid, and water to make 500 milliliters. A 
Spencer bright-line counting chamber with improved 
Neubauer ruling was used. Two counts were made 
for each sample and an average taken. Total length, 


TABLE I 
EryrarocyTte Counts 1n Two Species or Catostomus 


; | | 8% 
= | a 
Catostomus commersoni 
suckleyi 
5/23/50 19.5 | 120 IV M | 1.666 
5100 feet 20.5 | 125 IV M | 1.162 
South Boulder Cr. 21.0 | 130 IV | Mj 1.240 
22.0 | 135 IV | M } 1.130 
23.0 | 165 IV M | 1.280 
6/9/50 11.0} 20 | IIT | M | 1.430 
5100 feet 11.0 22 III M |} 1.500 
South Boulder Cr. 
5/13/50 23.0 | 155 Ill M | 0.790 
5150 feet 
Baseline Reservoir 
5/14/50 27.0 | 265 III | M | 1.027 
5200 feet 
Allens Lake | 
Catostomus catostomus 
griseus 
4/20/50 13.0 | 30 II | M} 1.570 
5300 feet 14.0 50 II M | 1.190 
St. Vrain Cr. 
5/12/50 18.0 | 85 | III | F | 1.027 
9000 teet 
Beaver Reservoir | 


* Average for 9 specimens of C. c. suckleyi, 1.204; for 3 speci- 
mens of C. c. griseus, 1.262. 


weight, age, and sex were also determined. Those 
samples on which a valid, trustworthy count was 
obtained are presented in Table I. A much larger 
body of data was discarded as unreliable. 

The erythrocyte counts are very variable, and it 
is improbable that any variation caused by the 
factor of altitude would be great enough to be 
detected owing to the large number of other vari- 
ables and the inherent error in the counting tech- 
nique, which is probably in the neighborhood of 
plus or minus 4 percent, even by an experienced 
investigator. Ponder (1948, Grune and Stratton, 
N. Y., 398 pp.) stated that two erythrocyte counts 
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(for man) by an average investigator cannot be 
held significantly different unless they vary by more 
than 14 percent. 

A survey of the literature indicates that there is 
a considerable difference in blood characteristics 
from one genus to another. This is apparent in the 
erythrocyte counts, the size of the cells, the clotting 
time, and the hemoglobin content. Field, Elvehjem, 
and Juday (1943, Jour. Biol. Chem., 148: 2-6), 
for example, found that trout blood was more 
resistant both to hemolysis and immediate coagula- 
tion than carp blood. In the present study the 
average coagulation time was only about 2 to 4 
seconds. 


TaBLe II 
HEMOGLOBIN DETERMINATIONS IN Two SPECIES OF 
Catostomus 
Species, Date, | 
Elevation, Location Bo oa 
Catostomus commersoni 
suckleyi 
6/9/50 } 11.0 20 III M 10.9 
5100 feet | 
South Boulder Cr. 
Catostomus catostomus 
griseus 
4/20/50 13.2 | 40 II |M 11.2 
5300 feet 14.0 | 50 II |M 11.0 
St. Vrain Cr. 15.2} 65 | IIT | 11.9 


A few hemoglobin determinations were attempted 
with a Spencer Hemogiobinometer. These were 
made in the field with blood taken directly from the 
living fish. Serious difficulty was encountered in 
making this determination because of the rapid 
coagulation of the blood, and about 35 fish were 
utilized in getting four successful determinations 
(Table II). No information on hemoglobin values 
for Catostomus was found in the literature surveyed. 

For their helpful suggestions and criticisms of 
this manuscript, sincere appreciation is extended 
to Dr. William A. Spoor of the University of Cin- 
cinnati, and Dr. Max Katz of the U. S. Public 
Health Service in Cincinnatii—LAWRENCE J. HEND- 
Ricks, Wildlife Conservation Building, University of 
Missouri, Columbia, Missouri. 


OVIPARITY—THE MODE OF REPRODUC- 
TION OF THE WHALE SHARK, RHINEODON 
TYPUS.—In forty years’ study of the whale shark, 
Rhineodon typus Smith, I have had the opportunity 
to see but one specimen in the flesh—a male. Not 
until recently has anything of help in the literature 
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come to light bearing on the manner of reproduction 
of this great fish. All other large sharks are vivi- 
parous, and it was logical to assume that Rhineodon, 
the largest of all sharks (growing to 60 feet), also 
is viviparous. One could not conceive of such a 
giant laying eggs. 

In their encyclopaedic work on sharks, Bigelow 
and Schroeder (1948, Fishes of the Western North 
Atlantic, Vol. I (Sharks): p. 188) stated that 
“Development [is] probably ovoviviparous.” Their 
bibliography of Rhineodon titles covers nearly two 
pages and lists not merely literature found in 
journals, but much out-of-the-way literature, such 
as the Ceylon Administration Reports of 1912-13 
in Marine Biology. Herein was found (p. E 44) an 
interesting bit of information by T. Southwell, 
but they apparently overlooked its significance: 
“March 18, 1910. Dutch Bay-‘Rhineodon typicus’ 
... Very ripe ovary. Oviduct full of eggs, 16 cases 
counted, same form as in dogfish.” Unfortunately, 
Southwell does not give the size of the whale shark, 
and, worse, he does not name the dogfish, and, 
worst of all, he does not figure and describe the egg 
cases. And, so far as we know, he did not preserve 
the egg cases with their embryos. Since Southwell 
was an English naturalist and surely was acquainted 
with many English fishes, his “dogfish” was prob- 
ably one or the other of the common spotted dog- 
fishes of European waters of the genus Scyliorhinus, 
which is known to lay eggs with tendrils. But if 
Southwell had an Indian dogfish in mind, it is 
quite possible that he referred to the genus Scyllium, 
which also lays eggs. 

Thus the whale shark is presumably an egg-layer. 
It is hoped that some ichthyological reader of this 
note may have, somewhere, somewhen, the op- 
portunity to dissect a female Rhineodon and to 
obtain, figure and describe the eggs and embryos; 
and may thus effectually settle the question of the 
manner of reproduction of this great shark.—E. W. 
GupcEerR, American Museum of Natural History, 
New York 24, New York. 


ADDITIONAL NOTES ON THE DISTRIBU- 
TION OF THE BLACKFIN TUNA (PARA- 
THUNNUS ATLANTICUS).—Until recently the 
recorded northern limits of occurrence of blackfin 
tuna, Parathunnus atlanticus (Lesson), had been 
off the coast of Bermuda, and off Florida along the 
United States coast (Beebe and Tee-Van, 1936, 
Zoologica, 21 (3): 177-94). In 1951 we reported one 
specimen taken off the coast of North Carolina 
(1951, Coprra, (3): 248), and thus extended con- 
siderably its reported northern range along the 
United States coast. Since that report, we have 
obtained additional information on the distribution 
of the species. 

In October 1948, a tuna (29 cm. in length) was 


caught about 75 miles south of Martha’s Vineyard 
(40° 04’ N., 70° 42’ W.) by trolling from the Woods 
Hole Oceanographic Institution research vessel 
Caryn. (Cruise C-3 under the direction of William 
C. Schroeder). Our recent examination of this speci- 
men, now in the Museum of Comparative Zoology of 
Harvard University, has shown it to be Parathun- 
nus atlanticus. This capture represents, as far as 
we can determine, the most northerly record for the 
species. On the strength of this definite record and 
reports of occasional catches of the species by anglers 
off New Jersey (related to us by Louis S. Mowbray, 
Director of the Bermuda Government Aquarium 
and Al Pflueger, Taxidermist of Miami, Florida), 
it seems that the concept of the northernmost 
limit of blackfin tuna should be changed, possibly 
to something like “ranging occasionally northward 
as far as Cape Cod.” , 

Near the other end of its known range, one of us 
(Mather) found blackfin tuna quite abundant in 
the northwestern corner of the Caribbean in Janu- 
ary and February of 1950. (Observation during a 
cruise made in the motor sailer Inmay under charter 
to the Institution for Andean Research, Inc. Dr. 
Lionel A. Walford directed the fishery work for a 
portion of this cruise.) Specimens were taken and 
several schools were seen among the Bay Islands 
(16°-17° N., 86°-87° W.) and at Cozumel Island 
(20° 30’ N., 87° 00’ W.), and other schools believed 
to be the same species were sighted off the coasts 
of Honduras and British Honduras. Several in- 
dividuals were collected and are now at the Harvard 
Museum of Comparative Zoology. The 21 fish 
taken ranged from 32 to 59 cm. in standard length, 
and all of those seen appeared to be within these 
limits. 

While the species has been reported from many 
islands of the West Indies by Beebe and others 
(1928, Zoologica, 10 (1): 1-279; 1935, Ibid., 19 (6): 
209-24; 1936, Ibid., 21 (3): 177-94) and from 
Courtown Key in the southwestern Caribbean by 
Fowler (1944, Acad. Nat. Sci. Phila., Monogr. 
6: 1-583) we believe that the specimens reported 
here represent the first record of this tuna in the 
northwestern Caribbean. Furthermore, the many 
schools observed and the testimony of local fisher- 
men that their presence was not unusual indicate 
that blackfin tuna frequent this area in considerable 
numbers. (This paper is Contribution No. 606 from 
the Woods Hole Oceanographic Institution.)— 
FRANK J. MATHER, III, Woods Hole Oceanographie 
Institulion, AND Howarp A. Scuuck, U. S. Fish 
and Wildlife Service, Woods Hole, Massachusetts. 


FIRST RECORD OF THE PERCOPSID FISH 
COLUMBIA TRANSMONTANA FROM IDA- 
HO.—On April 18, 1952, the writers collected 
one specimen of the sand roller, Columbia trans- 
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montana Eigenmann and Eigenmann, which was 
caught in the fish trap in the Washington Water 
Power Company dam on the Clearwater River at 
Lewiston, Nez Perce County, Idaho. Since that 
date, 124 additional specimens have been taken: 
29 in the fish ladder, and the remainder with an 
electrical shocker from the shallows above the dam 
and at the mouth of Hatwai Creek, two miles 
upstream. These specimens range from 27 to 87 
mm., total length; six of the larger adults are sexu- 
ally mature and had not spawned on May 9. These 
specimens were taken from the Clearwater River 
four to six miles above its confluence with the 
Snake River. As far as can be determined, they 
constitute a new record of this species from Idaho 
and from the Snake River drainage. Jordan and 
Evermann (1896, Bull. U. S. Nat. Mus., 47 (1): 
785) recorded it from the Columbia River as... 
“locally abundant at the mouth of the Umatilla 
and Wallula rivers; our specimens taken by Thoburn 
and Rutter in the Wallula at Walla Walla.” Um- 
atilla is in Oregon and the second locality was mis- 
written for Walla Walla River at Wallula, Wash- 
ington. In the summary by Schultz and DeLacy 
(1936, Mid-Pac. Mag., 11 (1): 66), the Willamette 
River, Oregon, was the only other locality recorded 
for the species. We are indebted to Dr. Robert R. 
Miller, of the Museum of Zoology, University of 
Michigan, for information on distributional records. 
—Vircit S. Pratt, Idaho Cooperative Wildlife 
Research Unit, University of Idaho, Moscow, AND 
Cares R. Wuitt, Idaho Fish and Game Depart- 
ment, Lewiston, Idaho. 


OCCURRENCE OF THE LAMPREY LAM- 
PETRA AEPYPTERA IN THE TOMBIGBEE 
AND PASCAGOULA DRAINAGES, MISSIS- 
SIPPI.—Specimens of a very small lamprey col- 
lected in the Tombigbee and the Pascagoula River 
systems in Mississippi were recently identified by 
Dr. Milton B. Trautman as Lampetra aepyptera 
(Abbott). These specimens represent an extension 
of the known range of this species, which according 
to Raney (1952, Copeta (2): 98-99) was previously 
from the upper Ohio River system to the Wabash 
River system, Indiana, and on the Atlantic slope, 
from the Potomac River to the Neuse River system, 
and in the Alabama River system, Georgia. 

The Mississippi collections consist of ten adults 
collected on January 28, 1937, in the backwater of 
Okatoma River, a tributary of Leaf River in the 
Pascagoula River system; one adult collected in 
December, 1940, by R. M. Freeman, in Ponta 
Creek, a tributary of Sucarnoochee Creek in the 
Tombigbee River drainage; and one ammocoete 
from Water Prong Creek in the Pascagoula River 
drainage, collected by W. H. Turcotte, on June 21, 
1946. These specimens range from 90 to 104 mm. 
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in total length with an average of 95.6 mm. The 
myomere count varies from 51 to 56, and averages 
53.6. They all have degenerate teeth. 

In commenting on the specimens Dr. Trautman 
says that he has never seen such small lampreys 
and that he considers it quite possible that an ade- 
quate series might show these to be specifically, or 
subspecifically, distinct from aepypiera. Although 
the specimen from Water Prong Creek is an ammo- 
coete, and as such is unidentifiable, it has been pro- 
visionally identified as aepyptera on the basis of the 
locality and the low myomere count of 51.— 
FANNYE A. Coox, Museum of Natural History, 
Mississippi Game and Fish Commission, Jackson 6, 
Mississippi. 


SHARKS AND SAWFISHES IN THE AMAZON. 
—Records of marine fishes which penetrate the 
waters of the largest of all rivers are relatively rare. 
This is especially true of elasmobranchs other than 
the freshwater sting rays of the genera Potamotrygon, 
Elipesurus and Disceus. In fact, no Pristis is re- 
corded in Fowler’s recent checklist of Brazilian 
freshwater fishes (1948, Arq. Zool. Est. Sao Paulo, 
vol. 6), and the only shark mentioned is one from 
the island of Maraj6, at the mouth of the Amazon. 
This is Boulenger’s record of Carcharhinus porosus 
(Ranzani). 

On the other hand, it is well known in the Bra- 
zilian Amazon country that sawfishes are found in 
the lower river, below Manaus, but the only men- 
tion I have found in the literature is an obscure one 
by the late Prof. Alipio de Miranda-Ribeiro. In 
one of a series of articles on the zoogeography of 
Brazil (1937, O Campo, ano 8, no, 93: 59) he men- 
tioned in a footnote that Pristis is found in some of 
the lagoons on the left (north) bank of the Amazon. 
He evidently had seen no specimens, nor did I; 
and the species is yet undetermined. 

I have heard that sharks ascend the main river 
and are occasionally caught at Manaus, almost 
1000 miles from the sea. However, until recently I 
had no concrete evidence. In Washington in 1950, 
Sefior Felipe Ancieta, of the Fish and Game De- 
partment of Perd, told me he had a photo of a 
shark taken in the Peruvian Amazon, and he has 
recently sent it to me. The information accom- 
panying the photo states that the shark was caught 
at Iquitos in October, 1943. Iquitos is approximately 
2300 miles (by the river) from the sea. The photo 
is not very good and shows a three-quarter ventral 
view of an adult male Carcharhinus a little over 
six feet in total length. The head is in the shadow, 
but the blunt snout is visible. The first dorsal fin 
cannot be seen, but enough of the tip of the second 
dorsal is visible to show that this fin originated 
anterior to the front of the anal fin. The lower 
caudal lobe is relatively sharp; the tip of the upper 
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lobe is hidden. The pectorals are reasonably long 
and falcate but not narrow. Of course nothing can 
be seen of a dorsal ridge, if any is present. 

On going through Bigelow and Schroeder’s ac- 
count in “Fishes of the Western North Atlantic,” 
various characteristics visible in the photograph 
definitely exclude all American Atlantic species of 
Carcharhinus save leucas, milberti, nicaraguensis, 
obscurus and springeri. There seems comparatively 
little chance that it is one of the last three, however, 
purely on geographical grounds, for obscurus is a 
pelagic shark and the other two are not known 
nearly so far south as the Amazon. It is quite im- 
possible to determine from the photo whether the 
animal is more like Jeucas or milberti, but the known 
freshwater habits of the former make it seem very 
likely that the Peruvian shark is Carcharinus leucas 
(Miiller and Henle).—Gerorce S. Myers, Natural 
History Museum, Stanford University, California. 


NEW DISTRIBUTION RECORDS FOR 
FISHES OF THE SAVANNAH RIVER BASIN, 
SOUTH CAROLINA.-—The following fishes, not 
hitherto reported in print from this part of South 
Carolina, have been obtained from one or more 
of the six streams (namely, Upper Three Runs, 
Four Mile Creek, Pen Creek, Steel Creek, Hattie 
Creek and Lower Three Runs) in the Savannah 
River Operations Area located in Aiken and Barn- 
well counties. Collections were made between July 
2, 1951 and May 19, 1952 by the University of South 
Carolina research team on Contract No. AT (07- 
2)-11, Atomic Encrgy Cominission with W. E. 
Hoy as project leader. The letter A indicates that 
the species was collected in Aiken County, B Barn- 
well County, and AB both counties. A: Anguilla 
rostrata (LeSueur), Chologaster cornuta Agassiz, Me- 
sogonistius chaetodon (Baird); B: Amia calva Lin- 
naeus, Ameriurus natalis (LeSueur), Fundulus dispar 
lineolatus (Agassiz), Acantharchus pomolis (Baird), 
Lepomis punctatus punctatus (Valenciennes), Le- 
pomis gibbosus (Linnaeus), Lepomis microlophus 
(Giinther), Hololepis barratti (Holbrook), Labides- 
thes sicculus vanhyningi Bean and Reid; AB: Esox 
americanus Gmelin, Esox niger LeSueur, Umbra 
pygmaea (DeKay), Hypentelium nigricans (LeSueur), 
Ameriurus nebulosus marmoratus (Holbrook), Schil- 
beodes leptacanthus Jordan, Schilbeodes marginatus 
marginatus (Baird), Schilbeodes mollis (Hermann), 
A phredoderus sayanus (Gilliams), Chaenobryttus cor- 
onarius (Bartram), Elassoma sonatum Jordan, Lepo- 
mis cyanellus Rafinesque (introduced), Lepomis 
macrochirus purpurescens Cope, Lepomis marginatus 
(Holbrook), Lepomis auritus (Linnaeus), Boleosoma 
nigrum (Rafinesque), and Hadropterus nigrofascia- 
tus Agassiz.—H. W. Freeman, Department of Biol- 
ogy, University of South Carolina, Columbia 1, 
South Carolina. 


A SECOND SPECIMEN OF THE ANGEL- 
FISH GENUS CENTROPYGE FROM THE AT- 
LANTIC.—Woods and Kanazawa (1951, Fieldiana— 
Zoology, 31: 636, fig. 135), described a new species 
of angelfish, Centropyge argi, collected in 93 fathoms 
on Argus Bank, Bermuda. This species was found 
to be very similar to Centropyge fisheri (Snyder) 
from Hawaii and is the first species belonging to 
this genus to be described from the Atlantic. 

A second specimen of Centropyge argi has re- 
cently been received from the U. S. Fish & Wildlife 
Service, through the courtesy of Mr. Stewart 
Springer. This specimen was collected by the 
M/v OrEGon, Station 591, Lat. 23° 24’ N., Long. 
87° 09’ W., on Campeche Banks, about 65 miles 
north of Cabo Catoche, Yucatan. It was taken from 
the stomach of a snapper caught on a handline in 
40 fathoms. It is in excellent condition and is de- 
scribed as follows, with the counts and proportions 
of the original description of the species in paren- 
theses for comparison: standard length 53.5 (44.5) 
mm.; dorsal rays XIV,16 (XV,15); anal rays 
III,17 (III,17); pectoral rays 15/16 (14/15); scale 
rows from upper edge of gill opening to base of 
caudal rays 42 (45). Depth of body 2.58 (2.33), 
length of head 3.97 (3.42), both in standard length; 
eye 3.12 (2.77), interorbital 3.71 (3.61), length of 
last dorsal spine 1.64 (1.63), length of middle caudal 
rays 1.53 (broken in holotype), length of pectoral 
fin 1.22 (1.21), length of pelvic fin spine 1.54 
(1.89), depth of caudal peduncle 2.4 (2.5)—all in 
length of head. 

The preorbital (mistakenly called suborbital in 
original description) has one long, curved spine 
with a shorter spine anterior to it and a very short 
spine at the base of the latter on the left side; on 
the right side there are two long, curved spines of 
almost equal length with one short spine both above 
and below; preopercular denticulate, one of every 
few serrae enlarged, a large spine at angle reaching 
almost to the pectoral fin with a shorter downward- 
curved spine basally; lateral line rising sharply, 
following close along base of dorsal and terminating 
close under the base of the last dorsal rays. 

The color before preservation was described as 
bright yellow on the anterior portion with the 
posterior portion blue. The preserved specimen has 
head, breast, and upper sides pale yellowish-white, 
with the nape dusky; a distinct round black spot 
just above pectoral fin and a little posterior to its 
base; the body brownish-black, from a line running 
from origin of dorsal to insertion of pelvic spine 
posteriorly; vertical fins also brownish-black; pec- 
torals pale; pelvics dusky. 

The shape of the body, kind and size of spines 
on the head, most of the proportions and counts, 
as well as coloration, of the Campeche Bank 
specimen so closely resemble the Bermuda specimen 


The 
AZES 
an 
eys 
ade- 
or 
ugh 
mo- 
pro- 
the 
1.— 
ory, 
6, 
ON. 
the 
are. 
han 
gon, 
re- 
lian 
ulo, 
om 
zon. 
3ra- 
1 in 
en- 
one 
In 
y of 
en- 
e of 
zon. 
iver 
ost 
ly I 
950, 
De- 
fa 
has 
om- 
ight 
tely 
10to 
tral 
ow, 
fin 
ond 
ated 
oper 


270 


that both are regarded as the same species, and the 
slight differences are ascribed to variation of the 
two widely separated populations, or to individual 
variation. 

Specimens of Centropyge fisheri were collected off 
Oahu in depths of 27 to 29 fathoms and 14 to 43 
fathoms. The Atlantic specimens are also from 
habitats deeper than usual for other species of 
Pomacanthinae.—Loren P. Woops, Chicago Na- 
tural History Museum, Chicago 5, Illinois. 


FISHES USING CTENOPHORES FOR SHEL- 
TER.—The authors, while on a field trip in Mis- 
sissippi Sound in the vicinity of Biloxi, Mississippi, 
in the summer of 1951, found small fishes on several 
occasions im and under jellyfishes and ctenophores. 
Though several other authors have reported these 
same fishes under medusae, the only record of fish 
inside Ctenophora was reported in the 1913 Guide to 
the Zoological Station at Naples as follows: “In- 
side the cavity of Beroe or in the pendent stalk of 
medusae are often seen small fish which the ap- 
parently delicate organism dissolves and digests.” 
We differ with this interpretation because we ob- 
served the small fishes to swim in and out of the 
ctenophores, which were also of the genus Berve. 

The only specimen of the fish Palinurichthys sp. 
to be taken in the extensive collections of the past 
two summers was found in a Beroe. One member of 
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the crew also reported observing a Syngnathus in a 
Beroe, and this fish was also not observed with any of 
the medusae but was frequently collected in the seine. 
Chloroscombrus chrysurus (Linnaeus) and Hemi- 
caranx amblyrhynchus (Cuvier) were found fre- 
quently in or with both Beroe and medusae. The 
Hemicaranx was never found, in our experience, 
except intimately associated with either Beroe or 
medusae. For every Hemicaranx there were probably 
three or four Chloroscombrus in this situation. Only 
one fish, Peprilus alepidotus (Linnaeus), was found 
with medusae and not in Beroe. About seven of 
these were observed. 

Under one large medusa (about five inches) were 
seen twelve small fish about one half inch in length; 
these were mostly Chloroscombrus, but some Peprilus 
were present. Though these were not captured, one 
such medusa with its fish was brought in and was 
found to have five Chloroscombrus and two Peprilus. 
Most of the medusae involved were Dactylometra 
but there were also some fishes under a similar 
unidentified medusa, though no perceptible pref- 
erence was observed. Any floating object appears to 
be about equally attractive to fishes. 

We wish to thank Loren P. Woods, of the Chicago 
Natural History Museum, who has assisted in this 
study.—JaMes E. MatrHews anp Horst H. 
SHOEMAKER, Department of Zoology, University of 
Illinois, Urbana, Illinois. 


Herpetological Notes 


ANTIVENIN AVAILABLE FOR THE 
TREATMENT OF SNAKEBITE.—There is con- 
siderable disagreement regarding the amount of 
benefit derived from the use of antivenins in the 
treatment of bites by venomous snakes. Despite 
the conflicting opinions, involving gross under- 
estimates on the one hand and extreme exaggera- 
tions on the other, two points are clearly indicated. 
First, there is great therapeutic hazard in the indis- 
criminate use of these antivenins. Most of this 
hazard arises from the sensitivity of some individuals 
to horse serum from which the antivenins are pre- 
pared. Marked reaction to the horse serum may 
literally make the ‘‘cure worse than the bite” and 
terminate in sudden death, or produce less acute 
signs of distress. The second point is that in indi- 
viduals with no sensitivity to horse serum the 
careful use of antivenins has produced impressive, 
often spectacular, beneficial results. Fortunately, 
most people are not sensitive to horse serum and, 
therefore, discriminate use of antivenins is indicated 


in most cases involving grave consequences resulting 
from the bite of a venomous snake. Wherever 
possible, it is advisable to have the serum adminis- 
tered by a doctor. In serious cases intravenous 
injection may be necessary or desirable. Many of 
the antivenins are packaged with the inclusion of 
materials needed to test quickly the individual’s 
sensitivity to horse serum. 

With the demonstrated value of antivenin in 
some cases of snakebite, serum definitely con- 
stitutes a necessary insurance for anyone whose 
activities bring him in contact with live venomous 
snakes. At the New York Zoological Park we en- 
deavor to maintain at all times a stock of the avail- 
able antivenins as a precaution in the event of a 
snakebite involving our personnel. Most of these 
antivenins must be replaced from time to time, 
since the liquid preparations retain their effective- 
ness for only a few years. The dehydrated serum is 
effective for a longer period of time than the liquid 
preparation. This stock does not constitute a source 
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of supply for distribution to other institutions or 
individuals, except in extreme emergency. It is 
purely for our own protection. 

We have received numerous requests for informa- 
tion relating to the types of antivenin available 
and where they may be obtained. The requests have 
come from professional herpetologists, as well as 
non-herpetological institutions and individuals. 
Thus it seems desirable to list the different kinds of 
antivenins now being produced and to give, for 
each, the address of the manufacturing institution. 
Insofar as possible we have tried to make contact 
with all of the institutions that produce antivenins 
for commercial distribution. There are a few labor- 
atories that manufacture an antivenin for private 
usage but, from some, it may be possible to obtain 
small quantities of sera at specified times. We have 
listed only the regular producers of antivenins. We 
would appreciate learning of any additional sources 
of antivenins that are not on this list. 

The antivenins are listed below according to the 
continent that is the homeland for the venomous 
snake against whose venom the antivenin is made. 


AFRICA 


1. Polyvalent serum for African Elapids and Vi- 
perids. 

2. Polyvalent serum for venomous snakes of West 
and Equatorial Africa (Bitis and Hemachatus). 

3. Anti-Cobra serum for Egypt and India. 

These antivenins are produced by The Pasteur 
Institute of Paris, Service of Serotherapy, 36 Rue 
du Docteur-Roux, Paris XV, France. All three 
of the antivenins are polyvalent serums produced 
through the use of mixed venoms of several species. 
Numbers 1 and 2 are made from mixtures of 
strongly hemotoxic and neurotoxic venoms, whereas 
No. 3 is made from venoms that are predominantly 
neurotoxic. The latter is also advertised as being 
effective against the bites of the Asiatic cobras. 

The FitzSimons’ Snake Park, P. O. Box 1413, 
Durban, South Africa also manufactures a poly- 
valent antivenin similar to serum No. 1. In the 
production of this antivenin the “mixed venoms of 
African snakes” are employed, and it is advertised 
for use in the case of {‘bites by any species of veno- 
mous snakes” of Africa. 

4. Polyvalent “Anti-Snakebite Serum” for southern 

Africa. 

This antivenin is produced against the venoms of 
the puff adder (Bitis arietans) and the Cape cobra 
(Naja nivea). It is advertised by the manufacturer 
as being useful against the venoms of other venom- 
ous species found in southern Africa. This anti- 
venin is made by the South African Institute for 


Medical Research, Hospital Street, Johannesburg, 
South Africa. 


ASIA 


5. Polyvalent “Anti-venom Serum” against the 
venoms of the cobra (Naja naja) and Russell’s 
viper or Daboia (Vipera russelli). 

This serum is manufactured by the Central 
Research Institute, Kasauli, India. It is reputedly 
an effective serum against the very strongly hemo- 
toxic venom of Russell’s viper, as well as the strong 
neurotoxins of the cobra venom, but is said to be 
more effective against the former than against the 
latter. It is also reported to be effective against the 
strong hemorrhagin of the venom of the saw- 
scaled viper or Phoorsa (Echis carinata). 

6. Polyvalent Antivenin for venomous snakes of 
Southeastern Asia. 

7. Specific anti-A gkistrodon rhodostoma Antivenin. 

8. Anti-cobra Antivenin, against both common 
cobras (Naja maja) and king cobras (Ophio- 
phagus hannah). 

9. Anti-viper antivenin, for Russell’s viper (Vipera 
russelli). 

Serums 6, 7, 8 and 9 are the products of the Queen 
Saovabna Memorial Institute, an affiliate of the 
Pasteur Institute, Bangkok, Thailand. The anti- 
venins manufactured here are specific for the three 
most important venomous snake species of south- 
eastern Asia. In addition a polyvalent serum is 
produced to cover the bite of any species of venom- 
ous snake found in this area. 

The Hafikine Institute, Parel, Bombay 12, India, 
manufactures a polyvalent serum similar to No. 
5, but including factors effective against the venoms 
of the saw-scaled viper (Echis carinata) and the 
common Krait (Bungarus fasciatus). 

The Pasteur Institute, Djalan Pasteur No. 9, 
Postbox 47, Bandung, Indonesia, produces a poly- 
valent antivenin similar to No. 6, but specifically 
made for the venoms of Bungarus fasciatus, Naja 
tripudians, and Agkistrodon rhodostoma. 

Antivenin No. 8 is very similar to the anti-cobra 
serum of the Pasteur Institute of Paris which is 
effective against the venoms of the common cobras 
(Naja naja) and the king cobras (Ophiophagus 
hannah). However, because of the use of an un- 
known proportion of venom from African cobras 
in No. 3, the two serums probably differ in effective- 
ness. At the date of this writing, the Institute for 
Infectious Diseases of the University of Tokyo, 
Japan, has temporarily stopped the manufacture 
of a polyvalent serum against the venoms of the 
Habu (Trimeresurus flavoviridis) and the Mamushi 
(Agkistrodon halys). It is hoped that production of 
this antivenin will be resumed in the near future. 
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AUSTRALIA 


10. Tigersnake Antivenin. 

Manufactured by the Commonwealth Serum 
Laboratories, Royal Park, Victoria, Australia. This 
serum is a specific antivenin against the venom of 
the tigersnake (Notechis scutatus), but is also recom- 
mended asan effective treatment, in varying dosages, 
against the venoms of all the important venomous 
snakes of Australia. 


EuROPE 


11. Anti-viper Antivenin. 

Produced with the venom of the European asp 
viper (Vipera aspis). Reputedly effective against 
the venom of various species of European vipers 
(Vipera). Manufactured by The Pasteur Institute 
of Paris, Service of Serotherapy, 36 Rue du Docteur- 
Roux, Paris XV. 


AMERICA 


12. North American Antisnakebite Serum. 

Manufactured by Wyeth Incorporated, Phil- 
adelphia 3, Pa. This antivenin is produced with a 
mixture of venom from several species of North 
American venomous snakes of the genera A gkistro- 
don and Crotalus. It does not contain any factor 
for coral snake (Micrurus) venom. 


SoutH AMERICA 


13. Polyvalent Anti-pit viper Antivenin. This serum 
is produced against the venoms of the common 
Brazilian Jararaca (Bothrops jararaca) and the 
South American rattlesnake (Crotalus durissus 
terrificus). 

14. Anti-Bothropic Antivenin. Produced as a spe- 
cific serum against the venom of the common 
Brazilian Jararaca (Bothrops jararaca), but 
reportedly effective against the venoms of 
other species of Bothrops. 

15. Anti-Crotalic Antivenin. A specific serum for 
use against the strongly neurotoxic venom of 
the South American rattlesnake (Crotalus duris- 
sus terrificus). 

16. Anti-elapid Antivenin. A serum manufactured 
to combat the effectiveness of the venom of 
several species of South American coralsnakes 

(Micrurus). 

17. Anti-lachetic Antivenin. This is a specific serum 

for the bite of the bushmaster (Lachesis muta). 
Antivenins Nos. 13, 14, 15, 16 and 17 are produced 

by the Instituto Butantan, Caixa Postal 2123, 

Rua da Gloria 34, Sao Paulo, Brasil. Serums similar 

to Nos. 13, 14, 15 and 17 are also produced by In- 

stituto Pinheiros, Caixa Postal 951, Rua Teodoro 

Sampaio 1860, Sao Paulo, Brasil. Serums similar to 

Nos. 13, 14 and 15 also are produced by the In- 
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stituto Vital Brazil, Caixa Postal 28, Rua Vital 
Brazil Filho, 64, Niteroi, Brasil. 

Several other South American Institutions have 
produced antivenins within recent years. However, 
we have been unable to obtain specific information 
regarding any other antivenin now being produced 
on a regular basis. 

Summarizing the information given above, there 
is at least one antivenin available for the most 
important venomous snakes of each continent. The 
continents where the incidence and seriousness of 
snakebites are more important from a medical 
standpoint have several antivenins available. 

Of the seventeen different antivenins produced, 
seven are polyvalent sera produced through the use 
of a mixture of venoms. These polyvalent sera 
provide protection against the venoms of several 
different species of snakes, but perhaps are not so 
effective against a particular venom as are the speci- 
fic antivenins. Ten of the available antivenins are 
considered specific sera, since they are produced 
entirely or primarily through the use of venom from 
a single species of snake. These are equally divided 
between the predominantly hemotoxic and the 
predominantly neurotoxic venoms.—JAMEs A. OL- 
IVER AND LEONARD J. Goss, New York Zoological 
Society, 185th Street and Southern Boulevard, New 
York 60, New York. 


OBSERVATIONS ON THE EGGS AND LAR- 
VAE OF THESALAMANDER BATRACHOSEPS 
PACIFICUS MAJOR.—The eggs and larvae of 
Batrachoseps pacificus have never been described. 
Adults of this species were seen beneath boards 
and cement blocks adjacent to a house at 1420 
East Mountain Street, Pasadena, California, but a 
daily search for their eggs, initiated on November 
23, 1950, following several days of rain, was un- 
successful. Beginning on December 15, in the hope 
that surface oviposition might be induced, a garden 
sprinkler system was turned on for short daily 
periods. On December 20, a clutch of salamander 
eggs was noted beneath a small, flat, wooden box 
measuring 1714 by 19 inches. This box was near a 
raised sprinkler head and the daily waterings had 
kept the soil beneath it quite damp. The eggs had 
not been noted between 9 am on December 19 and 
1 pm on December 20, when they were found. At 
1 pm on December 21 the eggs were reexamined. 
There were thirteen, deposited in a loose group 
beneath a corner of the sheltering box. An adult 
B. pacificus 125 mm. long was present a few inches 
away. Five of the eggs were free and the remaining 
eight were in four separate pairs connected by 
peduncles measuring 5.8, 9.0, 11.0 and 14.8 mm. 
The outer capsules were brownish because of ad- 
hering soil particles, but the yellowish yolk was 
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visible through them. The eggs were nearly uniform 
in size, measuring 5.8 to 6.0 mm. in diameter to the 
surface of the outer capsule. One was removed for 
dissection, leaving twelve in situ. On December 23, 
14 eggs were counted, and another was removed. 
On January 18, 1951, 15 eggs were found, and one 
ruptured outer capsule with some jelly adhering to 
its inner surface. Thus, a total of 18 eggs were dis- 
covered. 

The two eggs dissected had essentially the same 
structure. The outer capsule was pale amber; it 
was thin and tough and retained its shape when 


Fig. 1. Dorsal aspect of the gill in the embryo of Batrach- 
oseps pacificus major. 


removed. On either side were remnants of the ped- 
uncles or roughened scars where they had been 
broken off. The inner capsule was thick, and was 
composed of a crystal clear, viscous jelly, the removal 
of which exposed the chorion. Two eggs were sent 
to Dr. Robert C. Stebbins of the Museum of 
Vertebrate Zoology, University of California. One 
was dissected by him and the other was allowed to 
hatch. The egg structure as described in his notes of 
January 30, 1951, was the same as noted by me. It 
agrees in all except one detail with the description 
of the eggs of B. atlenuatus given by Snyder (1923, 
Copeta 121: 86-8) and Maslin (1939, ibid., (4): 
209-12). These authors found two inner jelly layers 
rather than one, although Maslin (loc. cit.) stated 
that they were scarcely separable. No suggestion of 
a third layer was noted by Stebbins or me. 

All the eggs dissected contained advanced em- 
bryos. These had well developed eyes and nasal 
grooves. Both fore and hind limbs had four digits, 


the inner and outer visible as rounded swellings, the 
second and third larger and more attenuate. Promi- 
nent, but simple, trilobed gills were present, and 
active circulation was observed in the vascular 
loops. In all specimens the central lobe was the 
largest (Fig. 1). This agrees with the gill structure 
of B. attenuatus as figured by Snyder (loc. cit.), 
although Emmel (1924, Amer. Jour. Anat., 33: 
401, fig. 46) showed all three lobes as being approxi- 
mately the same size. An embryo dissected from the 
egg on December 21 was 18 mm. long. This measure- 
ment is only an approximation, as the individual 
was curled about the yolk mass and moved its tail 
spasmodically when I tried to straighten it. Stebbins 
measured two embryos. One, dissected from the 
egg on January 30, 1951, was 20.15 mm. long. The 
other emerged during the night of January 30, 
and was 20.2 mm, long when measured the following 
day. Three recently hatched individuals measured 
by me on January 26 and 28 were 17, 18 and 19 
mm. long. 

On January 18, seven eggs were taken indoors 
and kept in a covered bowl of damp earth. At 8:15 
AM on January 26, a newly hatched salamander was 
found in the bowl a few inches from the collapsed 
egg. Two more hatched on the morning of January 
27, and three between 6:30 and 10:30 pm on Janu- 
ary 28. The seventh egg failed to hatch. All the newly 
emerged larvae were fairly active and crawled about 
slowly when exposed to the rays of a desk lamp. 
The first individual to hatch righted itself when 
turned on its back, and threw its body into S-shaped 
curves when prodded. Two individuals, when han- 
dled, responded with “snap coils” typical of Batra- 
choseps; but these were single movements and the 
animals remained coiled without further response 
after the initial one. 

The coloration of the larvae varied within narrow 
limits. All had dark venters and a broad stripe of 
bright reddish brown extending from the nape over 
the dorsum. In some, this stripe extended over the 
entire tail whereas in others it extended over the 
anterior third only. The dorsal stripe was not solid 
but consisted of intermingled brown and grayish 
black patches. This is suggestive of the dorsal 
coloration of adults of B. p. major, in which bright 
reddish brown patchesare scattered over the dorsum 
and dorsal surface of the tail. Identification of these 
specimens was difficult because of their dark ventral 
coloration, and they were sent alive to Dr. Stebbins 
for further study. In a letter dated July 11, 1951, 
he notified me that the last of the young had died. 
He further stated: “They had reached sufficient 
size, however, to convince me they were pacificus. 
Several of them had begun to show marked reduc- 
tion of the ventral caudal guanophores.” The 
locality at which the eggs were found is in the range 
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of B. pacificus. As many as three adults of pacificus 
were seen at one time under the box where the eggs 
had been discovered, but no B. attenuatus were 
found there. 

The embryos contained in the eggs on December 
21 correspond approximately to the 103-day-old 
stage of Bactrachoseps wrighti as figured by Steb- 
bins (1949, Copera (3): 165, fig. 1). Hatching in 
wrighti reared under laboratory conditions occurred 
after 133 days. Hatching of the eggs of B. pacificus 
occurred between 37 and 39 days after they were 
discovered; if the time of development is roughly 
the same in the two species, the embryos were ap- 
proximately 100 days old when found. This would 
indicate that oviposition occurred at about the 
middle of September, a period ordinarily character- 
ized by high temperatures and low rainfall in the 
Pasadena area, That this may be the normal time 
for oviposition is indicated by my finding two ap- 
parently recently hatched individuals measuring 
23 and 21.5 mm. on January 4 and 23, respectively. 
Both were under a board about 100 feet from the 
box under which the eggs were found. Since the 
soil beneath the box was inspected at least once 
daily for nearly a month before the eggs appeared, 
it seems unlikely that they had been overlooked 
repeatedly during this period. It is possible that the 
female had carried the eggs throughout most of 
their development and did not oviposit until con- 
ditions were favorable for their continued develop- 
ment outside the body. However, this represents 
such.an extreme departure from the known breeding 
habits of the Plethodontidae that it seems unlikely. 
It is possible that the eggs had been deposited below 
the surface of the soil and that continued sprinkling 
of the area had caused a subsoil accumulation of 
water detrimental to their continued development. 
The female may have brought the eggs to the sur- 
face where the drainage was better and where stand- 
ing water did not accumulate. The fact that thirteen 
eggs were found on December 21, fifteen on Decem- 
ber 23, and eighteen on January 18, might indicate 
that they were brought to the surface over a rather 
lengthy period. 

Stebbins and Lowe (1949, Coprra (2): 126) 
suggested that Batrachoseps wrighti is the form from 
which B. pacificus arose. Regarding B. attenuatus, 
they stated “It seems likely that it originated from 
pacificus, or at least passed through a pacificus- 
like stage in its development before reaching its 
present worm-like condition.” The close relation- 
ship of attenuatus and pacificus is evidenced by the 
similarity in the gill structure of the embryos of 
these two species as opposed to that of wrighti. 
Stebbins (loc. cit.) noted that the gill of the embryo 
of wrighti consists of two primary divisions diverging 
from a common base, and that each division gives 
off three to five subsidiary lobes, each with a single 
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vascular loop. The simple, trilobed gill of pacificus 
(Fig. 1) is similar to that of attenuatus as figured by 
Snyder (1923) and Emmel (1924). 

I wish to express my thanks to Dr. Stebbins for 
drawing the accompanying text figure, for making 
available to me the notes which he made on the 
eggs and larvae forwarded to him, and for his 
identification of the larvae. All the material on which 
this paper is based has ‘been deposited in the collec- 
tions of the Museum of Vertebrate Zoology, Uni- 
versity of California—Joun Davis, Moore Labor- 
atory of Zoology, Occidental College, Los Angeles, 
California. 


HABITS AND MINIMUM TEMPERATURES 
OF THE TOAD BUFO BOREAS HALOPHILUS. 
—In western North America Bufo boreas has a 
distribution extending from Alaska to Baja Cali- 
fornia. It is also found from the lowlands into the 
high mountains to at least 10,000 ft. Throughout 
most of the northern and high altitude parts of this 
distributional range, freezing temperatures occur 
during most of the year. The object of the present 
study was to determine what adaptations in habits 
and physiology exist that enable the animals to 
meet the demands of a cold environment. 

During 1951, some observations were obtained 
of Bufo boreas halophilus on Eagle Point at Big 
Bear Lake, California. The elevation here is 6,750 
ft. and well within the Transition zone, the dominant 
plants being Pinus jeffreyi and Artemisia tridentata. 
The area experiences low daily minimum tempera- 
tures throughout the year, for it is located within 
a valley characterized by frequent thermal inversion. 
The summer of 1951 was unusual in that almost 6 
inches of rain fell here. 

Active toads were seen from March 24 to October 
21, when observations ended. No body temperature 
or microclimatic measurements were made upon 
the active toads until September and October. 
During March the toads were active to some extent 
even though freezing temperatures occurred at 4 feet 
above the ground by 7:00 pm. Snow patches were 
present, and at night the ground froze to a depth 
of 1 to 2 inches. During the daytime and through- 
out the freezing part of the night, the toads re- 
mained underground in gopher and ground squirrel 
holes in which mid-day temperatures in sunny 
locations were 7° C. at 6 inches depth and 4.8° C. 
at 12 inches. 

On April 20, great numbers of toads were con- 
gregated about the lake’s edge, spending the day 
within gopher holes, under logs and overturned 
boats. Hard frosts still occurred every night with 
freezing temperatures commencing about 9:00 pm. 
Adult toads were observed alongside the lake until 
June 3, but by July 22, the date of the next visit, 
the toads had left the lake margin for the open forest. 
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Here they were active until October 21, the date of 
the last visit. At this time the weather was again 
severe and its effects were recorded. 

The affinity of the toads for rodent holes is prob- 
ably the chief factor that enables them to survive 
in large numbers under theknownclimatic conditions. 
The ground provides adequate insulation from ex- 
tremes of temperature, both hot and cold. During 
the summer months, ground surface temperatures 
regularly reach at least 60° C. On October 19 two 
captured toads were left exposed on the ground sur- 
face during the night and were found dead and 
frozen solid by morning with body temperatures 
of —2°C. Frequently toads have been observed 
crouching in surface depressions among sage brush 
at the lake during the coldest part of a night. The 
time required to chill the body of a big toad might 
allow it to reach a more favorable den. 

While excavating dens of Citellus lateralis bernardi- 
nus, the golden-mantled ground squirrel, it was 
found that during October over half the occupied 
dens also contained toads as well. The toads were 
at depths of 4 inches to 2 ft. within passages up to 
6 ft. long. 

The usual procedure at night was to drive a car 
slowly along the numerous dirt roads of the area. 
The toads are so common that, if they are active, 
some are always seen. The captured animals were 
held to the ground by their legs, and temperature 
was recorded by means of a Schultheis rectal ther- 
mometer especially made for small animal work. 
Temperatures at the approximate center of the 
animal were made by inserting the thermometer 
deeply into the cloaca. By moving the mercury bulb 
to the dorsal or ventral region of the animal it was 
possible to obtain values helpful in indicating the 
sources of heating and cooling in the animal’s 
environment. The substrate temperature itself was 
taken by barely inserting the thermometer under 
the surface of the soil. The relative humidity of the 
toads’ microclimate, based upon the dew point 
reached at an air temperature of about 5°C., was 
near 100 percent. 

On October 19 and 20, they emerged from rodent 
holes by 5:45 to 6:00 pm. both days, suggesting a 
fine photosensitivity. 

Body temperatures of active bufos varied from 
12.0°C. just after emergehce to 3.0° toward the end 
of the activity period on a cold night. A series of 
simultaneously taken body and environmental tem- 
peratures for three nights shortly before activity 
ceased showed the following averages: the deep 
cloacal temperature in the dorsal half of the body 
was 4.9°C., while the deep cloacal temperature in 
the ventral half of the body was 5.3°; the air tem- 
perature at one inch above the ground was 2.4°, 
while that at the ground surface was 5.2°. Thus, the 
dorsal surface is affected by the air, while the ventral 
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surface is more affected by the substrate tempera- 
ture. 

When the air is colder than the sub-surface, the 
highest body temperatures are present when the 
toads emerge from the rodent holes. As a rule the 
body temperatures become lower with time, until 
the minimum activity point is reached at about 
3°C. or possibly a little lower. The lower few inches 
of air appear to be the main determinant of toad 
activity, since both the ground and animal are 
affected by this layer. Within the toad, however, 
there is a temperature interaction between this 
air layer and the ground surface giving the toad its 
effective temperature. 

An average of environmental temperatures, re- 
corded immediately following the complete disap- 
pearance of the toads from surface activity, indi- 
cated the air temperature at 4 ft. above ground to 
be 2.0°C., the air temperature at 1 inch above to be 
1.4°, and the substrate surface temperature to be 
2.8°. 

For three nights the toads completely ceased 
surface activity after 414 hrs., 3 hrs., and 1 hr., 
respectively, of evening wandering. The temperature 
conditions at the end of each of these periods were 
similar, suggesting a close relationship of toad 
activity to environmental temperature. 

The above observations permit the following 
conclusions. (1) The toad Bufo boreas halophilus 
is active at night throughout the year as long as 
temperatures over 3°C. prevail within the toad’s 
microclimate. (2) The minimum body temperature 
for normal activity is about 3°C. Below this the 
toads retire, and at about —2°C. the animals 
freeze solid and die. Their affinity for rodent holes 
allows them to exist in great numbers in what could 
otherwise be climatically a very unfavorable habi- 
tat. (3) There is an interplay between air and sub- 
strate temperatures within the animal which governs 
its internal temperature. (4) When near freezing 
temperatures occur quickly after sunset, the toads 
are active only so long asit takes their bodies to cool 
from the rodent burrow temperature to 3°C, (5) 
Their critical minimum body temperature and the 
volunatry minimum body temperature (1944, Cow- 
les and Bogert, Bull. Am. Mus. Nat. Hist., 83: 
261-96) are very close together, probably not more 
than 2-3°C. apart. (6) This species is very light 
sensitive and becomes active in the evening at 
approximately the same time, night after night. 
(7) The toads and golden-mantled ground squirrels 
apparently exist together in harmony and it is 
thought that Thomomys and toads may have a 
similar relationship. 

The writer wishes to express thanks to Dr. Ray- 
mond B. Cowles, Professor of Zoology in the Uni- 
versity of California, Los Angeles, for suggestions 
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and help.—Don P. Mouttatty, 7620 Lexington 
Avenue, Los Angeles 46, California. 


OBSERVATIONS ON THE EARLY LIFE 
HISTORY OF THE LIZARDS SCELOPORUS 
GRACIOSUS VANDENBURGIANUS AND 
GERRHONOTUS MULTICARINATUS WEBBI. 
—Four females of Sceloporus g. vandenburgianus, 
captured on June 26, 1930, at Bluff Lake, San 
Bernardino Mountains, California, laid four eggs 
each in the early part of July. Three eggs were found 
on July 10 while still fresh and were put in a moist 
chamber at room temperature. One egg was still 
alive on August 4 and measured 21 x 12 mm; the 
blood vessels and dark eyes were plainly visible. 
On September 2, from it hatched a young lizard 
6.2 cm. in total length. This date of hatching is 
within the normal time for young lizards to appear 
in their mountain habitat. 

On October 12, 1943, at Idyllwild in the San 
Jacinto Mountains, a young of the year was cap- 
tured measuring 6.7 cm. (28 mm., body + 39 mm., 
tail). It ate small mealworms readily. On November 
4, it weighed 0.99 g.; by January 19, 1944, it had 
grown to 1.27 g. 

The sizes of these lizards are comparable to 
those of S. g. gracilis, as given by Stebbins (1944, 
Ecology 25: 241-42). 

A female alligator lizard, Gerrhonotus multi- 
carinatus webbi, 11 cm. in total length, was captured 
on June 8, 1941, in Los Angeles, California. On 
June 17 about 8:00 am, she started egg laying. The 
entire clutch of 12 eggs showed embryonic develop- 
ment. The eggs averaged 16.4 x 9.3 mm., and the 
thin red disc of the embryonic area was 14 x 8 mm. 
This date of egg laying is a month earlier than that 
recorded by Gander (1931, Coprra (1): 14), more 
advanced also than for any of the breeding females 
recorded by Fitch (1935, Trans. Acad. Sci. St. 
Louis, 29: 23), and a month earlier than recorded 
by Shaw (1943, Coprra (3): 194). 

The eggs were kept in a humid atmosphere at 
room temperature, mainly 72-78°F., but occasion- 
ally reaching 83°. Forty-two days later, on July 
29, the eggs averaged 16.7 x 11.3 mm. From the 
smallest egg (16 x 9.5) was removed an embryo with 
head and body length measuring 25 mm. On 
August 9, from an egg 17 x 11 mm. was taken an 
embryo of 30 mm. from snout to anus, with tail 
length of 50 mm. and yolk sac of 10 x 5 x 2 mm. 

The remaining ten eggs hatched on August 
16-17, sixty to sixty-one days after being laid. No 
yolk was left, but thin albumen was present. In 
hatching, the snout and lower jaw were first ex- 
tended from the split in the shell. Movements of the 
floor of the mouth varied from four to eleven times 
a minute. Occasional swallowing brought the chin 
down to the shell, thereby causing the gradual 
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emergence of the back of the head. The lizards 
remained with head partially out for some time, 
even several hours. If a lizard saw movement or 
the egg was touched, the head was pulled back into 
the shell. In one egg the head remained retracted 
for five hours; then when the rear of the egg was 
touched, the lizard slid out up to its hind legs and, 
shortly after, came out completely. The entire 
hatching process was a gentle affair. At hatching, 
the lizards averaged in head and body length 33 
mm. (range 30-35) and tail length 57 mm. (range 
50-62). Fitch (op. cit.) found young of the year 
measuring 33.5 to 35.5 mm. in head and body 
length. Shaw (0. cit.) found newly hatched young 
measuring 26 to 35 mm., with an average of 32.2. 

The lizards, when completely out of the shells, 
became very active—blinking, testing the surround- 
ings with their tongues, and crawling or jumping 
unhesitatingly. Davis (1945, Coprta (2): 116) 
mentioned the activity of the lizard Leiolopisma 
laterale just after hatching, and Lewis (1946, CoPEIA 
(3): 155) found the newborn of the ovoviviparous 
Gerrhonotus coeruleus principis to be very active. 
Werler (1951, Zoologica, 36: 39) wrote of theactivity 
of newly hatched Sceloporus grammicus microlepi- 
dotus. In contrast to this, Franklin (1944, Coprta 
(4): 250) found the young of the brown watersnake 
inactive until after molting, 18 to 48 hours after 
birth, and March (1945, Copera (3): 169) recorded 
the newly hatched Crotalus basiliscus as quiet 
throughout the first day. 

During the next three months the juvenile lizards 
fed readily on tiny larvae of beetles, adult Drosophila, 
and small moths. Water was drunk eagerly from a 
pipette, and often the lizards tried to reach the 
meniscus through the side of the pipette. Usually 
after drinking, they sat with head up for a few 
minutes. Very characteristic also was the weaving 
of the head from side to side when the lizards were 
about to pounce on the pipette for water, or on 
food, or on each other. 

Growth in three months averaged 4 mm. in 
body length (range 2-7 mm.) and 8 mm. in tail 
length (range 5-17 mm.). Three lizards had their 
tails broken; one in the second week, one in the 
fourth and again in the twelfth, and one in the 
eighth. These breaks were the result of being 
pounced upon by another member of the family. 
Three lizards shed skins during the eighth week. 
In these three, and in one other that was not known 
to have shed, there began to develop, in the fifth 
week, a color pattern like the adult, with white bars 
on the entire lateral area of the trunk and with 
large black spots on the neck. In December the food 
supply was insufficient. Two died and the others 
were killed.—S. R. Atsatr, Department of Zoology, 
University of California, Los Angeles, California. 
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HERPETOLOGICAL NOTES 


ERYTHRISM IN THE SALAMANDER 
PLETHODON CINEREUS CINEREUS.—It has 
been known for some time that uniformly red or 
erythristic individuals occur among norma! popula- 
tions of Plethodon c. cinereus. Reed (1908, Amer. 
Nat., 42: 460) reported on two specimens (with a 
third that escaped before it could be described) 
from New York State: one from Buffalo, caught 
September 9, 1905, and one from Beesemer (now 
Besemers, south of Ithaca) caught April 27, 1907. 
The specimen from Buffalo was found “under a 
piece of bark in a dry and rather open woodland,” 
elevation 1,000 ft. The exact habitat of the speci- 
men from Besemers was not described, although it 
is mentioned that the locality is at an elevation of 
800 ft. Normal specimens, both of the red- and the 
lead-backed phases, as well as “intermediates” 
between all three phases, were found in the general 
area. Reed and Wright (1909, Proc. Amer. Phil. 
Soc., 48: 403) reported finding one pure red indi- 
vidual at Chautauqua, New York, in the summer 
of 1908. 

Barbour (1914, Copera, 10: 3-4) reported one 
specimen from Cohasset, Massachusetts, that was 
found under the bark of a hemlock log. The red 
coloring was explained as follows: “This species 
.... Will be seen to show scattered minute red dots 
in the black areas, showing that the red pigment is 
not really confined to the mid-dorsal region. It 
probably exists along with the black pigment 
wherever this occurs, but only shows when the more 
dense black pigment is absent.’”’ He suggests using 
the term “erythristic” for this phase. Bishop (1941, 
Bull. N. Y. State Mus., 324: 200) mentioned that 
he found one uniformly red specimen at New 
Salem, New York, on March 26, 1925. Burt (1945, 
Trans. Kansas Acad. Sci., 48: 204) said that, of a 
series of amphibians and reptiles received by him 
from Andover, New Hampshire, seven out of eight 
“Wood” salamanders were normal red-backs, one a 
red mutant, and none were lead-backs. 

Whereas only one or two erythristic individuals 
have been previously reported at one time, the 
present note deals with a collection of sixteen found 
at North Colebrook, two miles north of Colebrook, 
Litchfield Co., Connecticut, during August and 
September, 1951. 

This phase closely resembles the normal red- 
backed phase in external characteristics and size, 
but differs in that the black pigment of the sides 
and ventrum is usually completely lacking. How- 
ever, in most specimens a considerable amount of 
black pigment remains on the distal part of the 
tail. Variations range from entirely bright coral-red 
individuals with only a few black spots at the tip 
of the tail to lighter colored individuals with dark 
tails and many small black spots obscuring the 
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color of the body. In most specimens there is a 
slight differentiation between the dorsal and lateral 
portions of the body and tail corresponding to the 
position of the dorsal stripe in the normal phase. 
Under the microscope the black pigment of both the 
normal red-backed phase and the erythristic phase 
appears to be arranged in a honey-comb pattern, 
with a large number of small, closely packed circles 
of black with red pigment visible at the center of 
each. The intensity of the black color depends upon 
the thickness of the lines composing this network. 
The red pigment, which seems to underlie the black, 
even in the normal striped phase, is arranged the 
same way on a lighter, possibly grey, background. 
The eyes are black in all. 

All were found within a hilly area of about 2 
square miles surrounding North Colebrook (altitude 
1070 ft.). The region is one of abandoned farmland 
now overgrown with white pine (predominant) and 
mixed deciduous trees. The subsoil is covered with 
pine needles and nearly devoid of low vegetation. 
A swift stream (Sandy Brook) flows through the 
area. Rainfall and dew were abundant while I was 
there; nights were generally cold (5°-10°C). 

Within this area 54 normal red-backed sala- 
manders were also found, giving a ratio of normal 
to erythristic of about 7 to 2. None of the lead- 
backed phase was found anywhere in the region. 
Many two-lined salamanders (Eurycea bislineata) 
were also found in the same habitat, some as much 
as 200 meters away from the nearest permanent 
body of water. 

All plethodons were found in or under fallen, 
usually rotten, birch or pine trunks lying partly 
buried in pine needles. Some, but no erythristic 
ones, were found under large stones. Two batches 
of eggs (5 eggs in one batch, 7 in the other), each 
guarded by a normal adult, were also found under 
logs. Although attempts to hatch these failed, all 
embryos seen through the egg covering seemed to 
be of the normal striped phase. The most interest- 
ing concentration of the erythristic phase was found 
on a 30° slope near Sandy Brook in a virgin white 
pine forest within the area. Three locations, 25 
meters apart, contained five, two, and two sala- 
manders, all of which were red. No salamanders of 
the normal striped phase were found with them, 
although some were found only a few yards awey. 

Aside from the North Colebrook region I covered 
another, 2 miles away and about 1 mile square, 
which differed in being slightly higher (1300-1500 
ft.) and in that white pine, though present, was 
not dominant. Sandy Brook, with small tributary 
streams, flowed through this area also. Only eleven 
salamanders were found here, all of the normal red- 
backed phase.—Eric MATTHEWS, 24 Gramercy Park 
South, New York 3, New York. 
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THE SPADEFOOT TOAD, SCAPHIOPUS, IN 
ALBERTA.—Spadefoot toads are known to occur 
in a number of localities in southern Alberta, but 
no records for this area have been published. The 
first indication of the presence of Scaphiopus appears 
to be an adult taken at Medicine Hat and submitted 
to the University of Alberta about 1930 by F. S. 
Carr. No further material was collected until 1950 
and 1951 when, as a result of investigations carried 
out by Mr. R. Lister and the writer, adults were 
obtained near Empress and Orion. These specimens 
were determined as Scaphiopus hammondi bombifrons 
(Cope), and the identification has been confirmed 
by Mr. E. B. S. Logier of the Royal Ontario Museum 
of Zoology. Additional data on the occurrence of 
Scaphiopus are provided by immature stages col- 
lected from the vicinities of Gleichen, Barons, 
Taber, Verdegris Coulee, and St. Kilda. Our present 
information indicates that spadefoot toads are 
widely distributed over the prairie region and con- 
stitute one of the characteristic forms of the Transi- 
tion Zone in Alberta. 

Adults of S. h. bombifrons were also collected at 
Alsask which is situated on the Saskatchewan side 
of the interprovincial boundary. Further studies 
would undoubtedly reveal a more extended dis- 
tribution in the southern portion of that Province— 
J. E. Moore, Department of Zoology, University of 
Alberta, Edmonton, Alberta, Canada. 


NOTES ON SOME SALAMANDERS OF 
WEST CENTRAL INDIANA.—While collecting 
Plethodon cinereus cinereus, P. glutinosus glutinosus, 
and Eurycea bislineata bislineata for respiration and 
hematological studies, a number of observations on 
these forms were made. 

A distinct difference in the relative numbers of 
the two color phases of P. c. cinereus has been noted 
by workers in various geographic locations. Lynn 
and Dent (1941, Copera (2): 113-14) reported that 
71 percent of 166 specimens collected in the vicinity 
of Baltimore, Maryland were of the gray phase, 
whereas at Woods Hole, only 14 percent of 84 speci- 
mens were similarly characterized. In Indiana, 
Blatchley (1891, Jour. Cincinnati Soc. Nat. Hist., 
14: 22-35) reported that in Vigo County both color 
phases are equally represented. Grant (1936, Proc. 
Indiana Acad. Sci., 45: 323-33) found that in north- 
ern Indiana 70 per cent of the members of this 
species are of the dark color phase. In Putnam 
County, Indiana, Reynolds and Black (1936, ibid., 
45: 287-94) noted that 5.6 percent of 125 specimens 
were of the gray phase. However in Ann Arbor, 
Michigan, Blanchard (1928, Amer. Nat., 62: 156- 
64) was unable to find evidence that the two phases 
were distributed unequally. In the present study it 
was found that 59 of 117 (50.4 percent) specimens 
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collected in Tippecanoe and Parke counties, Indi- 
ana, were of the dark phase. 

Measurements of 44 adults of P. c. cinereus 
disclosed that the average overall length was 73.1 
mm.; the largest being 109 mm. The average body 
length, measured from the tip of the snout to the 
posterior part of the hind leg at the junction with 
the body, was 40.3 mm.; the average tail length was 
32.8 mm. 

Plethodon cinereus cinereus is very abundant 
in these two counties. Collection records indicate 
that the relative abundance of the four most com- 
mon forms is as follows, in descending order: 
P. c. cinereus, E. b. bislineata, P. g. glutinosus, and 
P.c. dorsalis. It should be noted that few specimens 
of P. g. glutinosus have been collected in Tippecanoe 
County; this form appears to be the most restricted 
species in its habitat preference, whereas, P. c. 
cinereus is the least. It is not uncommon to find the 
red-backed salamander under the same log or rock 
along with one or more of the other forms. E. b. 
bislineata is usually found in a semi-aquatic habitat. 

In addition to the four species previously men- 
tioned, the following salamanders have been col- 
lected by the author in these two counties: Amby- 
stoma maculatum, A. tigrinum tigrinum, Eurycea 
longicauda longicauda, and Hemidactylium scutatum. 
Necturus maculosus maculosus and Eurycea lucifuga 
have also been reported from these counties.— 
F. JoHN VERNBERG, Department of Zoology, Duke 
University, Durham, North Carolina. 


ATRACTASPIS (MOLEVIPER), A NEW 
RECORD FOR EGYPT.—A specimen of the mole- 
viper, Atractaspis engaddensis Haas, recently de- 
scribed from Palestine, was collected in Egypt by 
Mr. Harry Hoogstraal during 1950. This is the first 
and only specimen of any species of the genus re- 
corded from Egypt (Flower, 1933, Proc. Zool. Soc. 
London: 735-851; and Laurent, 1950, Mem. Inst. 
Roy. Sci. Nat. Belg., 38: 3-49), and it also extends 
the range about 200 miles, airline, to the southwest; 
the species was previously known only from the 
type locality near the Dead Sea (Haas, 1950, 
Copera (1): 52, fig. 1). 

The specimen is now in the Chicago Natural 
History Museum herpetological collection (CNHM 
63112). This specimen (in bad condition), a male, 
was collected in the Feiran Oasis (= Wadi Firan or 
Feran), Sinai Governorate, Egypt, July 28, 1950. 
The sex of the type, and of the paratype, is not 
given in the original description. The specimen 
agrees closely with the original description and is 
similar to the illustration of the paratype. Differ- 
ences noted between the original description and 
the Sinai specimen are as follows: 
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Character Paratype Type poy 
2-3 2-4 3-3 left 

3-4 right 
Internasal suture “Nearly 1 
Interprefrontal suture equal” 
Scales between chin- | | 
shields and first ven- | 
Total length.......... “Twice that of 
type” | 650mm. 414mm. 
Pall length. “Twice that of 
type’”’ | 60 mm. 28 mm. 


The lower anterior temporal is very large in the 
paratype (description and illustration), whereas in 
the Sinai specimen the lowest anterior temporal is 
small.—HyMEN Marx, Chicago Natural History 
Museum, Chicago, Illinois. 


OBSERVATION ON THE FEEDING HABITS 
OF THE BLACKSNAKE, COLUBER CON- 
STRICTOR CONSTRICTOR.—It is common 
knowledge that the common blacksnake, Coluber 
constrictor constrictor Linnaeus, and others of the 
same genus survive poorly in captivity. The snake’s 
extremely irritable disposition prevents proper feed- 
ing and its constant striking causes injury to itself 
often resulting in death. 

In August, 1951, this writer had collected a 
number of specimens for observation. These snakes, 
several dozen natricines uf various species, two 
specimens of Thamnophis sirtalis sackeni, and two 
Coluber c. constrictor, were all put into a single 
container which was kept inside a building in a 
relatively dark place. Early one morning the con- 
tainer was removed to a place where there was 
considerable artificial light and the covering was 
removed. None of the specimens had been fed since 
their capture although a pan of water had been 
provided. The blacksnakes and the ribbonsnakes 
had been caught about the same time in the same 
general area and had been together in captivity for 
about a week. 

As soon as exposed to light the ribbonsnakes 
darted rapidly about the cage and the blacksnakes 
assumed their characteristic striking poise. As one 
of the ribbonsnakes, about 18 inches in length, 
started to crawl rapidly past a poised blacksnake, 
30 inches in length, the latter quickly struck it in 
the middle of the body and did not release its hold 
despite the vigorous efforts of the victim to escape. 
The blacksnake began a chewing, grinding motion, 
as though it were attempting to imbed its teeth 
deeply. After approximately two minutes of this 
“chewing” the ribbonsnake ceased to struggle, but 


the chewing motion was continued at the same 
place on the body for a full five minutes; then the 
blacksnake started moving his mouth over the 
victim’s body until the head was reached. Swallow- 
ing was completed in an additional five minutes. At 
no time after the strike did the blacksnake release 
its hold. The manner by which the blacksnake 
reached the victim’s head reminded this writer of 
the characteristic way that Natrix maneuvers a 
fish. 

Although several people observed the entire pro- 
cedure, the feeding snake was apparently oblivious 
to their presence.—Ist Lt. Jon H. Hutme, USAFR 
c/o Simpson, Star Route, Mary Esther, Florida. 


ON SNAIL-EATING SNAKES.—In his inter- 
esting paper on the snail-eating snake genera Dipsas 
and Sibon, Dr. E. R. Dunn (1951, Evolution 5: 
355-8) implies that he is unaware of any published 
observations of the actual process of feeding. 
Several such observations have been made for 
terrarium specimens in Germany. I have been able 
to watch a juvenile Dipsas albifrons anchor its teeth 
firmly by striking into the slippery body, close to 
the shell, of Cepaea nemoralis. It then extracted the 
body from the shell without difficulty by peculiar 
chewing movements of the jaws, in the surprisingly 
short time of 1 to 2 minutes. Rembold (1934, BI. 
Aquar. Terr. Kunde, 45: 386) observed the snail- 
eating process in the same species. This procedure 
has been described more exactly by Lankes (1930, 
Ibid. 41: 300) for Dipsas variegata. After eating a 
snail, the snake invariably rubbed each side of its 
head on the trunk of a tree several times, as I can 
confirm from my own observations; this is done, 
evidently, to remove the sticky mucus, though 
Lankes writes of a “massage” of the jaws. The 
snake then opens its jaws as if yawning, presumably 
to bring the jaws into place. 

There is still another snake that feeds on snails, 
at least as a juvenile, namely, Tomodon dorsatus. 
In this snake the last two teeth of the very short 
and movable upper jaw are unusually long, so that 
they accomplish, presumably, a secure hold of the 
slippery prey (Ernst, 1951, Aquar. Terr. Zeitschr., 
4: 246)—Rosert MERTENS, Senckenbergische 
Naturforschende Gesellschaft, Frankfurt a. M., Ger- 
many. 


A MAINE RECORD FOR BLANDING’S 
TURTLE.—A large male specimen of Blanding’s 
Turtle, Emys blandingi (Holbrook), was taken June 
30, 1950, in Hampden Highlands, Penobscot County, 
Maine. The collector was a boy, James Parsons, of 
that town. I saw him within an hour of the capture 
and learned that he had found the turtle walking 
along a road just off U. S. Route 1 which runs 
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through Hampden Highlands at a distance of about 
‘4 mile from the west bank of the Penobscot River. 
On the day of its capture the turtle served as an 
exhibit in a summer vacation school held at the local 
church. Then the turtle was taken to Parsons’ home, 
where a hole was bored in one of the marginal plates 
for the attachment of a wire. In addition to thishole 
there is, on the right side of the 3rd vertebral shield, 
what appears to be a crudely executed “K,”’ which 
antedates its capture by Parsons. A day or two later, 
realizing that it was an unusual species for Maine, 
I persuaded young Parsons to turn the turtle over 
to me to be deposited in the University of Maine 
Zoology Department collection. At that time the 
live weight of the turtle was 2 lbs., 14 ozs.; the 
carapace length was 9 inches. The turtle was killed 
and preserved July 3, 1950. As nearly asI have been 
able to determine, this is probably a first record of 
the occurrence of Blanding’s Turtle in Maine.— 
ALBERT A. BARDEN, JR., Department of Zoology, 
University of Maine, Orono, Maine. 


TOWARD REDUCING COST IN MAILING 
REPTILES.—During the past two years I have 
been receiving spirits specimens mailed by Mr. 
John C. Williams of the Coryndon Museum, Nairobi, 
Kenya Colony, in an altogether satisfactory, trans- 
parent, flexible plastic. This material comes in an 
endless tube about nine inches in width. After cut- 
ting off a length suitable to the number and size of 
specimens to be packed, a knot is tied in one end 
and the resulting bag is turned inside out so that the 
knot is on the inside. After packing the specimens, 
preferably wrapped in spirit-soaked cotton cloths, 
into the bag, the open end is gathered together and 
either knotted, if there is sufficient slack, or securely 
tied with string. To make doubly sure that the 
container is sealed, the end can be turned over and 
bound again, or, if desired, the bag can be slipped 
inside another section for additional protection. The 
package should then be placed in a carton, box or 
can, watertight or not, for shipment. 

Mr. Williams informs me that the material is also 
useful for protecting cameras or other goods from 
exposure to tropical dampness. It is called “Plax 
Polyethylene Layflat Tubing,” and is supplied, in 
large quantities only, by the Plax Corporation 
Division, Hartford-Empire Co., P. O. Box 1019, 
Hartford 1, Connecticut. Most Woolworth stores 
carry polyethylene bags in a wide range of sizes, 
though not in such heavy material as one could 
wish, and these are even simpler for shipping small 
numbers of specimens.—ARTHUR LOVERIDGE, Mu- 
seum of Comparative Zoology, Cambridge 38, Massa- 
chusetts. 


LONGEVITY OF SNAKES IN CAPTIVITY 
IN THE UNITED STATES.—This list contains 
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what records are available to us. We would like to 
hear from anyone having better records, or ten- 
year records of other species. We intend to bring 
the list up to date each year as of the first of Janu- 
ary. Only the oldest snake of each species or sub- 
species is listed. Age is given in years (second column) 
and months (third column), and the source of the 
record is included (fourth column). An asterisk indi- 
cates that the specimen was alive on January 1, 
1952. Symbols used are as follows: AM = American 
Museum of Natural History, BdZ = Brookfield 
Zoo, BxZ = Bronx Zoo, GOW = Grace O. Wiley, 
GPM = George P. Meade, NCM = North Carolina 
State Museum, PZ = Philadelphia Zoo, RMS = 
R. M. Stabler, RR = Robert Riggs, SDZ = San 
Diego Zoo, SIZ = Staten Island Zoo, SLZ = St. 
Louis Zoo, TC = Tabor College, WZ = Washing- 
ton Zoo. 


Agkistrodon contortrix laticunctus*......... 11 7 SDZ 
Aghkistrodon contortrix mokeson*........... 15 6 SDZ 
Agkistrodon 16 8 RMS 
Constrictor constrictor constrictor.......... 12 
Constrictor constrictor imperator*.......... 14 3 SDZ 
Crotalus 14 9 NCM 
Crotalus basiliscus basiliscus.............. 10 1 SDZ 
Crotalus horridus horridus*................ 14 7 SDZ 
Crotalus mitchelli 11 9 SDZ 
Crotalus toriugensis® 14 9 SDZ 
Crotalus viridis 14 10 SDZ 
Crotalus viridis 13 1 SDZ 
Drymarchon corais couperi.............44. 12 11 RR 
Elaphe guttata 2. PZ 
Elaphe obsoleta confinis*............000005 10 5 RMS 
Elaphe obsoleta 14 6 AM 
Elaphe obsoleta quadrivitiata*®............. 14 7 SDZ 
Epicrates cenchria 142 SIZ 
Epicrates cenchria 27 «=BxZ 
Eunectes 13 10 PZ 
hatus h 10 6 BdZ 
Lampropeltis doliata amaura*............. 15 7 GPM 
Lampropeltis doliata annulata*............ 11 5 SDZ 
Lampropeltis getulus brooksi............... 10 0 SDZ 
Lampropeltis getulus californiae........... 14 10 SDZ 
Lampropeltis sonata multicincta*.......... 12 4 SDZ 
Lichanura roseofusca roseofusca........... 12 0 SDZ 
Masticophis flagellum piceus (black)....... 11 2 SDZ 
Masticophis flagellum piceus (red)......... 12 2 SDZ 
Masticophis flagellum testaceus............ 13 5 SDZ 
Naja 23 3 SDZ 
Ophiophagus 11 10 GOW 


Pituoplh 
Pituopl 
Pituopl 
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Python 
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Python 
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Pituophis catenifer affinis*................ 11 8 SDZ 
Pituophis catenifer anneciens.............. 15 2 SDZ 
Pituophis catenifer catenifer............... 11 0 SDZ 
Pituophis melanoleucus melanoleucus*.... 11 5 SDZ 
Python molurus bivitiatus*................ 1s 7% SDZ 
Python molurus molurus 13 0 PZ 
Rhinocheilus lecontei lecontei*............. 10 1 SDZ 
Ungaliophis 17 8 GOW 


—C. B. Perkins, Zoological Society of San Diego, 
San Diego, California. 


PRELIMINARY NOTES ON THE GIANT 
TOAD, BUFO MARINUS (LINN.), IN THE 
PHILIPPINE ISLANDS.—The neotropical giant 
toad is at present a locally abundant species in some 
parts of the Philippines. It is found in coastal areas 
of Negros and the nearby islands of Panay and Gui- 
maras, on Luzon in the towns bordering Laguna 
de Bay and in the Central Provinces of Bulacan, 
Pampanga and Tarlac, and in scattered parts of 
Mindanao. 

In March, 1934, Dr. Gonzalo Merino of the 
Philippine Bureau of Plant Industry brought to 
Manila from Hawaii, about 50 giant toads which 
he secured from the Hawaiian Sugar Planters As- 
sociation. Dr. Merino’s decision to introduce B. 
marinus to the Philippines was based on a thorough 
investigation on its effectiveness as an insect pred- 
ator in Hawaii. The records on the introduction 
and subsequent release of Rufo marinus in the 
Philippines were burned during the liberation of 
Manila. Dr. Merino reconstructed from memory 
the data pertaining to the Luzon and first Negros 
introductions. I am indebted to him for this in- 
formation. 

Several interesting questions may be answered 
by a study of Bufo marinus in the Philippines: (1) 
the length of time this species requires to establish 
permanent breeding populations in new areas; (2) 
the rate of spread; and (3) its effects on the fauna 
of a new area. 

The toads were reared at first in the compound 
of the Bureau of Plant Industry in Manila. Later, 
some of them were transferred to Los Banos, 
Laguna Province, in the grounds of the College of 
Agriculture of the University of the Philippines, 
from which some escaped. Several years later B. 
marinus was found in great numbers in the locality. 
Toads were deliberately released in Calauang and 
Pila, Laguna Province, and in the Central Luzon 
provinces. Prior to 1941, the species was not so 
abundant in Central Luzon as in the Laguna area. 
In 1935-36, B. marinus was released in sugar plan- 
tations of northwestern and western Negros Island. 
In 1939-40, some were brought to Silliman Uni- 


versity and released in Dumaguete and environs. 
By 1945, these toads occurred in immense numbers 
everywhere in Dumaguete City and nearby villages. 
They have even begun to invade the foothills and 
the neighboring towns in the southeastern part of 
Negros. It is now reported as far southwest as 
Santa Catalina. Between 1936 and 1939, B. marinus 
was introduced into Guimaras and Panay Islands. 
In 1949, the Biology Department of Silliman Uni- 
versity sent by request about thirty specimens to 
Midsayap, Cotabato Province, Mindanao. Sub- 
sequently, additional toads from Dumaguete City 
were introduced by farmers into Zamboanga and 
Davao Provinces, Mindanao. 

It is apparent from the foregoing that B. marinus 
has required only five or six years to establish breed- 
ing populations in several parts of Negros. At night 
these toads are the commonest vertebrates seen 
anywhere in Dumaguete City and nearby localities. 
Their dead bodies litter the roads where they are 
crushed by vehicles. 

Thus in the short span of fifteen years (193449) 
B. marinus has spread from Manila to southern 
Mindanao. Although its dispersal from island to 
island and most of its movements from one part 
of an island to another have been accomplished by 
the deliberate action of man, it has spread through- 
out the countryside within a radius of 20 kilo- 
meters of Dumaguete City on its own powers. 

Although Negros Island does not have any en- 
demic species of Bufo, there are fourteen native 
forms of amphibians. The most common native 
species in the neighborhood of Dumaguete City are 
Rana erythraea (Schlegel), R. cancrivora Graven- 
horst, Oxyglossus laevis Giinther and Kaloula con- 
juncta (Peters). R. erythraea is most abundant along 
streams but is occasionally found in ponds. R. 
cancrivora and QO. laevis are characteristic inhab- 
itants of flooded fields, marshes and ditches. K. 
conjuncta is terrestrial and is often found under 
dead leaves and other detritus. The three aquatic 
species breed in the habitats noted; Kaloula breeds 
in shallow pools of standing water. 

Around Dumaguete City B. marinus is present 
in large numbers along streams, in meadows and 
cultivated fields, under coconut groves and bamboo 
thickets. During the day the toads hide under 
dead leaves and other debris, inside clumps of grass 
and bushes, under weeds, at the sides of ditches, 
under the large clods in plowed fields, and, gen- 
erally, in any dark retreat. They are even found 
under and inside houses. Bufo marinus breeds in 
all of the aquatic sites mentioned in connection with 
the native species. 

Prior to the introduction of the giant toad in 
Dumaguete City, the four native species were 
commonly observed at night on trips designed to 
collect R. erythraea and R. cancrivora for laboratory 
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use in Silliman University. Now, however, in the 
same localities only occasional specimens are en- 
countered although B. marinus is seen in great 
abundance; the native species retain their former 
abundance only in the interior of Negros where 
B. marinus has not penetrated. During the breeding 
season, in September and October, the strings of 
Bufo eggs are found in tremendous numbers in all 
the breeding sites used by the native forms. The 
native species still utilize these sites but their spawn 
is much less abundant than that of B. marinus. 
As yet the processes by which B. marinus is driving 
out the native species are unknown. 

Since 1945 the zoology classes of Silliman Uni- 
versity have been using B. marinus as a laboratory 
animal. As many as three to four thousand speci- 
mens are used every year. During the course of 
these classes cursory examinations of stomach con- 
tents have indicated that insects form the main 
bulk of the food. Of approximately 5,000 stomachs 
examined, 17 contained remnants of the small 
burrowing snake, Typ/lops. Two live individuals 
of the genus Typhlops were regurgitated by newly 
captured B. marinus. Rat fur, probably of the com- 
mon field rat, Rattus rattus mindanensis Mearns, 
was found in two stomachs. Professor E. T. Ger- 
vacio of Silliman University reports that he has 
seen large toads attack weak chicks. Until a de- 
tailed analysis of feeding habits is made, the effects 
of B. marinus on the fauna will remain uncer- 
tain. 

Bufo marinus may have indirect effects on parts 
of the fauna of the Philippines. There is at present 
a great decrease in the cat population of Duma- 
guete City because of poisoning resulting from cats 
playing with toads. The cats do not always die but 
may suffer from extreme emaciation for several 
weeks. The effect on this domesticated predator 
naturally has repercussions on the populations of 
their normal prey. 

There is one case of fatal poisoning suffered by 
man. In 1941, the Chief of Detectives of a munici- 
pality of Iloilo Province, Panay, died after a meal 
of 3 toads. These were mistaken for edible frogs. 
The uneaten remainder was sent to the Division of 
Fisheries, Manila, and was identified by myself as 
Bufo marinus. 

Professor E. T. Gervacio is at present engaged in 
experimentation on the possibilities of using the 
dried meat of the giant toad as poultry feed, after 
of course removing the parotoids and the skin. If 
this project is successful, a means will have been 
found to help control the rapid increase in numbers 
of this introduced species. 

A more detailed study of the biology of this giant 
toad is to be undertaken.—Droscoro S. RABOR, 
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Silliman University, Dumaguete City, Negros Orien- 
tal, Philippine Islands. 


THE GULARIS MUSCLE IN ANEIDES AND 
HYDROMANTES.—Smith (1920, Jour. Morph., 
33: 527-51) was the first to apply the name “gu- 
laris” to a muscle found in the throat region of 
adult Eurycea. Piatt (1935, Ibid., 54: 213-51) ex- 
tended this to many plethodontids. Eaton (1937, 
Ibid., 60: 317-24) suggested the name gularis for 
muscle in the region of the so-called interhyoideus 
posterior or quadrato-pectoralis. 

For the present at least, I prefer the terminology 
of Piatt and consider the quadrato-pectoralis as a 
separate part which is connected with the region of 
the angle of the jaw and the quadrate. The gularis 
does not have these connections but originates from 
fascia on the side of the body and is inserted into 
the nuchal line or fold. 

Piatt called attention to the large functional 
quadrato-pectoralis in Aneides lugubris, with a 
smaller but distinct gularis running wnder, not over 
it, a marked difference from the other plethodonts. 
I have confirmed this condition in A. lugubris. I 
also found the gularis under the quadrato-pectoralis 
in A. aeneus, A. flavipunctatus, A. ferreus and in 
A. (Plethodon) hardi (Figs. 1-6). 

I have examined salamanders of most genera of 
the Plethodontidae and have found no other indica- 
tion of this condition except in Hydromantes platy- 
cephalus. Here, a muscle somewhat like the gularis 
in Aneides seems to be present. It runs under the 
quadrato-pectoralis but is farther forward than in 
any of the other species. Such a position for the 
gularis is not described by Piatt in H. genei, nor 
did I find it in the one specimen examined. This 
muscle in H. platycephalus has quite an extensive 
origin. Because of its forward position, appearing 
almost like the so-called anterior interhyoid, it may 
not be entirely homologous with the gularis in the 
other species. 

The extent of the quadrato-pectoralis and the 
gularis in various forms is as follows: A. aeneus: 
length of the head to gular fold 13 mm.; Q.P. 4 mm. 
long by 3.5 mm. wide; G. 4 mm. long by 4 mm. wide. 
A. flavipunctaius: length of the head to the gular 
fold 12 mm.; Q.P. 5 mm. long by 2-3 mm. wide; 
G. 3.5 mm. at widest. A. ferreus: length to gular 
fold 13 mm. (I am not sure of the identity of this 
specimen; it is an Aneides but may not be ferreus); 
Q.P. 8 mm. by 4 mm.; G. 2 mm. by 3 mm. A. lu- 
gubris: length to gular fold 14 mm.; Q.P. 6 mm. by 
4-5 mm.; G. 4 mm. by 4 mm. A. (Plethodon) 
hardi: length to gular fold 11 mm.; Q.P. 4 mm. by 
2 mm.; G. widest 4 mm. Hydromantes platycephalus: 
length to gular fold 11 mm.; Q.P. 6 mm. by 2 mm.; 
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Figs. 1-6. Quadrato-pectoralis and gularis muscles in Aneides and Hydromantes. Fig. 1, A. lugubris. Fig. 2, A. ferreus (?). 


Fig. 3, A. flavipunctatus. Fig. 4, A. hardi. Fig. 5, A. aeneus, Fig. 6, H. platycephalus. Scale equals 1 mm.; 


pectoralis; G., Gulgaris. 


G. 3 mm. by 4 mm.—W1t1am A. Hitton, Pomona 
College, Claremont, California. 


HERPETOLOGICAL NOTES FROM NORTH- 
EASTERN BRAZIL.—I had several opportunities 
for field work in the states of Bahia and Pernam- 
buco, when stationed there with the United States 
Navy from August, 1943 to March, 1944. In Janu- 
ary, 1944, I was able to spend several days in the 
interior of Pernambuco, about 180 kilometers in- 
land, at Garanhuns, altitude 880 meters. 

I was unable to find extensive, local collections 
of preserved specimens in this region. In Recife, 
at the Escol Superior do Agricultura, there is a 
collection of about 100 specimens. Here also is a 
small antivenin institute where the ‘Cascavel,” 
Crotalus terrificus (Laurenti), and the “Surucucu,” 
Lachesis muta (Linnaeus) were on hand. There is 
also a small collection at the Collegio Pernambu- 
cana. The curators were very friendly. 

ANNOTATED List oF SPECIES: Tropidurus tor- 
quatus hispidus (Spix). “Lagartixa.”—This, the 
most common species of lizard in Bahia and Per- 
nambuco; it abounds in and out of houses, out in 


Q.P.; Quadrato- 


the countryside, and into the interior as far as I 
went. These lizards are lively, curious, fairly easily 
caught by hand or snare, and are frequently seen 
chasing each other. They escape by dodging and 
running, or by hiding in holes in the ground or under 
bark. I saw them frequently scratching around in 
humus and earth, sometimes digging holes two inches 
deep, using their forefeet one or both at a time. 
On February 24, I observed one pair mating about 
ten feet from the ground on a rough stucco wall. 
Both individuals were holding to the wall, the male 
higher than the female. The male, which was about 
two-thirds larger than the female, had his left hind 
leg thrown over her and their genital orifices were 
in apposition. In general appearance and behavior, 
this species resembles Sceloporus in North America. 

Platynoia semitaeniatus (Spix).—One specimen 
was caught about 2 or 3 kilometers south of San 
Caetana, Pernambuco, near the highway to Garan- 
huns. In the scrubby arid brush this species also 
closely resembled Sceloporus. The specimen that 
I secured ran away fast, with the body held high, 
for about 40 feet, and dodged under a flat rock. It’s 
color in life was brown-black dorsally, gray ven- 
trally, with reticulated gular area and some black 
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scales under thighs and in the preanal area. Most 
distinguishing feature is a light yellow-green dorsal 
stripe (about 4 scales, or 2 mm., wide) extending 
from the fronto-nasals onto the tail where it fades 
out. There is some light color along the upper jaw 
extending to the fore limb. There is also a series of 
irregular spots forming rough barring on either side 
of the head and the arms dorsally. Ventral surface 
is cream. (In alcohol the light dorsal markings be- 
come greenish-cream.) A rather concentrated search 
for more specimens in this and other similar areas 
was fruitless. 

Ameiva ameiva ameiva (Linnaeus). “Calonga.” 
—Quite common about Bahia at the Yacht Club 
where there is a brushy rocky hillside above the 
bay. They are too fast and alert to catch by hand 
unless cornered in one of their holes. In this area 
earth tunnels abounded, most of them in the rock 
cliffs. The natives assert that the tunnels are made 
by the lizards, but I could not verify this. On one 
occasion a cat caught a good sized specimen. This 
species was also observed in the deep jungle in the 
Recife area. 

The young show green only on the head and shoul- 
ders, but in large adults the entire body and tail 
are likewise a verdant green. 

Cnemidophorus ocellifer (Spix). “Vebra”; ‘“Ca- 
longa.”’—I secured two specimens on the dry flats 
near Olinda, Pernambuco. Here the natives call 
them “Calonga,” not differentiating them from the 
larger Ameiva. On an expedition into the interior 
of Pernambuco, only smaller individuals were ob- 
served, called ““Vebra” by the natives. They were 
common in many parts of the arid country and cul- 
tivated fields at Caruaru, Garanhuns, and inter- 
mediate points. They are spry and alert, escape by 
dashes of speed, and occasionally hide under rocks, 
logs, etc. I found them very difficult to catch. 

The two dorsal stripes on either side, prominent 
in the younger individuals, fade in the older ones; 
an azure coloration on the head and flanks was quite 
prominent in the adults I secured. There is also a 
brick-red mottling on some of the ventral scales in 
the adults. 

Mabuya mabouya mabouya Lacépéde.—I could 
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find no native name other than the general “La- 
gartixa.” They were found in largest numbers about 
Garanhuns, Pernambuco, and were also secured at 
Olinda. On one moderately cloudy day we found 
them to abound in the cotton and corn fields. One 
juvenile was found asleep on a clod of earth along 
the trail. Generally they were caught only after 
concentrated attack around brush and stones and 
earth clods. 

The adult showed a lessening of distinctness of 
the stripes; none other than dull gray or brown 
base coloration was noted. 

Hemidactylus mabouia Moreau de Jonnes.—Only 
one individual was observed. This was, oddly 
enough, on the seventh floor of the Edificia Oceania, 
Bahia, a most modern apartment house. It was 
secured at night in a hall that is nearly always dark- 
ened. It tried to bite when caught and appeared 
blinded by light. 

Rana palmipes Spix.—Quite common about Re- 
cife, particularly around the ponds at the zoological 
park. They hide in deep grass, from the water’s 
edge to 3 or 4 feet back. They are rather sluggish 
but make up for this by their hiding and the sud- 
denness of their jumps. Individuals “play possum” 
to a surprising degree. 

Hemipipa carvalhoi Miranda Ribeiro.—A series 
of adults, juveniles, and tadpoles was obtained 
about 5 miles west of Garanhuns in sink holes of an 
old stream. There, the natives dipped them out 
with wicker baskets. During the heat of the day 
they were all deep in the mud and under the matted 
surface growth. Natives say they go two feet into 
the mud during dry spells when the ponds dry up. 

In addition to the above, the following species 
were collected for me at Salinas, Bahia: Bothrops 
jararaca (Wied), Ophis severus (Linnaeus), Chloro- 
soma aestivum (Duméril and Bibron), Bufo marinus 
(Linnaeus), Leptodactylus pentadactylus (Laurenti) 
and Leptodactylus ocellatus (Linnaeus). 

The majority of these specimens are in the United 
States National Museum.—Murray L. JOHNSON, 
M.D., Puget Sound Museum of Natural History, 
College of Puget Sound, Tacoma, Washington. 


Reviews AND ComMENTS 


LIFE IN LAKES AND RIVERS. By T. T. 
Macan and E. B. Worthington. Collins, 14 St. 
James’s Place, London, 1951: xvi + 272, 20 figs., 
72 pls. (40 incolor). 21s ($2.92). —As partof a survey 


of British natural history, this book takes its right- 
ful place among the other outstanding contributions 
in the New Naturalist series. With a refreshing 
approach, the authors carry the reader in easy 
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stages through 16 chapters that cover the biology 
of lakes and rivers and the methods used in studying 
these waters. The book is entirely ecological in 
outlook but without the encumbering ecological 
terminology of some works that wilts the readers’ 
interest. Although not written primarily for spe- 
cialists, the volume abounds in material of great 
interest to all students of aquatic biology. The 
authors have effectively overcome a difficulty in a 
book of this nature—to leave the reader with a good 
impression of what is not known. Chapters 7, 8, 
and 9, dealing with the organism in its environment 
and food chains and productivity, and chapters 12 
and 13, covering size, maturity, and growth in 
fishes, are particularly informative. Fish cultural 
practices in this country come in for a just amount 
of criticism. 

The 40 magnificent color plates, sparklingly clear, 
are alone worth the price of the book. The half- 
tones are also outstanding, and the text matches 
the illustrations in excellence. This book is highly 
recommended not only for limnologists and their 
studer.ts (as a fine introductory text), but to all 
those who have an interest in inland waters. The 
authors and the publisher are to be congratulated 
on producing a book of such high quality at so 
reasonable a price—goals which American writers 
and publishers would do well to emulate-—ROBERT 
RusH MILLER, Museum of Zoology, University of 
Michigan, Ann Arbor, Michigan. 


LIMNOLOGY. By Paul S. Welch. Second Edi- 
tion. McGraw-Hili Book Company, New York, 
1952: 538 pp., 50 figs. $8.00.—Biologists familiar 
with the first edition of this well-known text book will 
find themselves thoroughly at home in paging 
through this recent revision. Little of the material 
of the first edition has been sacrificed or revised. 
New material, together with an expanded bibliogra- 
phy has added 67 pages to the volume. Additions 
from the extensive literature of the past 16 years 
are incorporated entirely within the original outline. 
Several new tables and figures have been added, but 
the major portion of the illustrative material of the 
first edition has been retained. 

It is disappointing to find that a more generous 
revision of this valuable text has not been possible. 
Running waters and ponds, topics worthy of con- 
siderable expansion, have received only modest 
additions. The chapter dealing with the limnological 
relationships of fish and other free-swimming forms 
attempts to do little more than outline the spatial 
distribution of these forms within the aquatic com- 
munity. Only brief attention is given to topics of 
recent and applied interest such as impounded 
waters, artificial fertilization and the influence of 
pollutants.—FRANK F. Hooper, Institute for Fish- 


eries Research, University Museums Annex, Ann 
Arbor, Michigan. 


AN INTRODUCTION TO THE STUDY OF 
THE ETHOLOGY OF CICHLID FISHES. By 
G. P. Baerends and J. M. Baerends-Van Roon. 
Behaviour, Supplement I; E. J. Brill, Leiden, 
Netherlands, 1950: vii + 243 pp., 60 figs. 15 florins 
($4.00).—The authors point out that: “The aim of 
this paper is to give a survey of the behaviour of the 
Cichlid fishes based on aquarium observations and 
to raise problems for further research.” This aim 
seems to have been accomplished with amazing 
success. 

The volume is divided into eight chapters. 
Chapter one is a description of the anatomy of the 
locomotor system. In chapter two the authors 
describe the elementary actions in relation to coor- 
dinated muscle contractions. These are divided 
into coordinated locomotory movements, reactions 
that apparently serve to make the fish feel more 
comfortable, movements relating to the environ- 
ment but not serving as signals to other fishes, and 
signal movements—with further subdivisions of 
these four primary types. Chapter three deals with 
the mechanism of the jaw and gill apparatus (in- 
halation, exhalation, and display). Chapter four 
presents in detail the color and pattern of eight 
species of cichlids (genera Cichlasoma, Hemichromis, 
Haplochromis, and Tilapia). Color and pattern, 
along with behavior patterns, serve as a primary 
distinction between species and as an isolating 
mechanism. Artificial hybridization, if successful, 
should prove interesting. It would reveal to what 
degree physiological (genetical) isolating mecha- 
nisms are developed and also whether or not this 
type of information can be used to determine phylo- 
genetic relationships. 

Chapter five is concerned with social organization 
and territorialism. Schooling is discussed as is the 
type, establishment, maintenance, and function of 
territories. Some of the discussion in this chapter 
apparently lacks insight and completeness because 
the authors seem to be looking for a common cause 
and effect. Also, because the investigations were 
halted in 1943, some recent papers of importance 
are not included. There are only two literature cita- 
tions after 1943. Another reason for the weaknesses 
in this chapter is that we know very little of the 
occurrence and of the types of territories to be 
found in most groups of vertebrates, especially 
fishes. 

Chapter six contains a description of pair forma- 
tion in the two major types of parental care, the 
non-oral and the oral incubators. Chapter seven 
deals with the care of the offspring. Recognition of 
eggs and young, reactions of the young to the 
parents, and reactions of the young to each other are 
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examined in detail. In chapter eight an attempt was 
made to fit the observed behavior of the cichlids 
into Tinbergen’s four types of signal movements of 
animal language, namely, displacement reactions, 
awakening movements, preparatory movements, and 
demonstration movements (the hierarchical system 
of the European behavorists). 

Although this book contains the most complete 
study of behavior on any group of fishes to date, 
several adverse criticisms should be mentioned. In 
general, the reader has no knowledge of the number 
of observations each description of the behavior 
elements is based upon. Secondly, aquarium studies 
may lead to gross error in the interpretation of the 
functions of various elements of behavior because of 
abnormalities not present in the natural environ- 
ment. The reviewer has found this to be true in 
aquarium studies of the darters of North America. 
Very little is known of the behavior of cichlids in 
their native habitats. Interpretation of territories 
is especially dangerous in this respect. One type of 
analysis that no one seems to have attempted is a 
study of the minimum and maximum sizes of terri- 
tories, using graded sizes of tanks and a variable 
number of adults (the space and competitive fac- 
tors). Animal behavior of the type presented by the 
authors has not advanced to a point where enough 
experiments have been tried on one particular aspect 
of behavior so that it can be adequately tested 
statistically. More general surveys like this study 
on the cichlids are needed first. The authors realize 
the above difficulties with acute awareness through- 
out the text. In the introduction they state: ‘‘Origi- 
nally it was not intended to publish the knowledge 
gained before more detailed investigations had been 
carried out. However after the observations and 
experiments had been carried on for about a year, 
the work had to be stopped as a result of war cir- 
cumstances. As then it was very doubtful that the 
present authors should ever take up this work again, 
they thought it better to publish it, incomplete as 
it is.” 

Students of the behavior, ecology, and system- 
atics of fishes and other vertebrates should hail 
this monumental work as a goal to strive toward. 
Investigations of this type are at a very low ebb 
in America today. As a result the field lacks a 
healthy exchange of ideas and a rapid evolution 
of the tentative ideas developed by such European 
behavorists as K. Lorenz and N. Tinbergen.— 
Howarp Ettiott Winn, Museum of Zoology, Uni- 
versity of Michigan, Ann Arbor, Michigan. 


A COLORED ATLAS OF SOME VERTE- 
BRATES FROM CEYLON. Vol. 1, Fishes. By 
P. E. P. Deraniyagala. Ceylon National Museums, 
Colombo, Ceylon, 1952; oblong, 25 x 32 cm.; xii + 
147 pp., 1 plain and 34 colored pls., 60 text-figs.— 


COPEIA, 1952, NO. 4 


In 1949 Mr. Deraniyagala issued “Some Vertebrate 
Animals of Ceylon,” as volume one of “The Na- 
tional Museums of Ceylon Pictorial Series.” That 
book contained a smattering of all Ceylon verte- 
brates, and to the reviewer’s knowledge, no volume 
two has appeared. Now, however, we have volume 
one of a more ambitious and comprehensive work, 
giving descriptions and colored or black-and-white 
figures of Ceylonese animals. The text and text- 
figures are drawn mostly from the author’s pub- 
lished papers and the coverage of Ceylon fish species 
is complete only for groups specialized in by him. 

It is useful to have all this information under 
one cover, and good colored plates are a real help 
to the ichthyologist. However, the great cost of the 
latter and the obyious need for more basic revisions 
of marine foodfish groups in Ceylon make one 
wonder if expensive picture-books are as worth- 
while as other work that might be published, even 
granting the comparative cheapness of printing in 
Asia. Nor can the reviewer see good reason for 
presenting such huge figures of very small fishes 
when there are no special features demanding such 
great enlargement. 

On the technical side we may point out some edi- 
torial carelessness regarding the eel species whose 
teeth are diagrammed in Fig. 31. Seldom has such 
confusion been seen when one follows through the 
text on eels trying to trace references to this figure. 
Moreover, the morays are headed Gymnothorax, 
keyed as Lycodontis, and referred to specifically as 
Gymnothorax again. The treatment as subspecies of 
the two forms of Coryphaena, which are sympatric, 
circumtropical species, is justified by no theory or 
practice of systematics known to the reviewer, and 
the author’s remarks under Channa suggest that he 
misunderstands the biological situation indicated 
in regard to C. orientalis and Ophicephalus gachua 
by Myers and Shapovalov in 1931. The reviewer 
questions the value, the need and the ethics of nam- 
ing subspecies (as with Anabas on p. 111) without 
adequate study of the supposedly related subspecies. 
No real knowledge is contributed by such naming, 
and the labor of working out the true situation is 
cast upon the shoulders of later investigators. Yet 
many zoologists, including some in the United 
States, still name not only subspecies but even 
species in this offhand way. Finally, the bibliog- 
raphy and the zoogeographical remarks, although 
perhaps adequate for a picture book designed solely 
for distribution in Ceylon, are all too brief. 

Despite technical criticism, however, we wish to 
congratulate the author on the publication of per- 
haps the most important and useful single work on 
Ceylon fishes that has ever appeared.—GEORGE 
S. Myers, Natural History Museum, Stanford Uni- 
versity, California. 
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EXPERIMENTAL STUDY OF MERISTIC 
CHARACTERS IN FISHES. By A. Vedel Taning. 
Biol. Rev., 27: 169-93, figs. 1-10. 1952.—Systematic 
ichthyologists rely heavily upon meristic characters 
in describing the lower taxonomic and unnamed 
units, from the population through the species. 
The influence of the various environmental factors 
on variation has, however, been investigated only 
to a very small extent by means of experimental 
studies. Up to now practically nothing has been 
known of the time or stage when meristic characters 
are determined in early ontogeny or of when char- 
acters can be changed by altering one or several of 
the environmental factors. Information on these 
matters comes almost entirely from experiments 
on Salmo t. trutia. A specially sensitive period for 
the determination of vertebrae in sea trout lies 
between about 145 and 165 day degrees—shortly 
before the “eyed-egg” stage. During this period a 
relatively moderate change of temperature (3-6°C.) 
can produce an average difference of 1.5 vertebrae. 
The number of anal rays is determined towards 
the end of the period when vertebral number is 
determined (ca. 160-300 D°, before hatching), but 
the number of rays in the dorsal and pectoral fins 
is established later (215-630 D°). 

Shock treatment produced by specially great 
changes of temperature (ca. 10-14°C.), particularly 
during the sensitive period, may produce in the sea 
trout a difference of 3-4 vertebrae in offspring of 
the same parents. By cold and heat shock treatment 
applied to Danish sea trout, it has been possible to 
produce phenocopics of Scandinavian and Mediter- 
ranean forms of trout—so far as meristic characters 
are concerned. 

Decreasing oxygen pressure leads to an increase 
in vertebral number in trout, whereas rising carbon 
dioxide pressure produces a decrease. Changes in 
acidity (pH) and in amounts of nitrates and phos- 
phates have not been observed to produce any 
change in the number of vertebrae. Field observa- 
tions concerning the affect of salinity on meristic 
characters have been rather inconclusive. However, 
Heuts’ work on races of sticklebacks demonstrates 
that the selective influence of salinity produces a 
considerable difference in number of lateral plates. 

Racial studies involving geographical variation 
of fishes is more difficult than previously thought 
because of the pronounced phenotypical dependence 
of some meristic characters on environmental fac- 
tors. 


VERTEBRATE SEXUAL CYCLES. By W. S. 
Bullough. Methuen’s Monographs on Biological 
Subjects. Methuen & Co., Ltd., London; John 
Wiley and Sons, Inc., New York; 1951: viii + 117, 
12 figs. $1.50.—Seasonal and oestrous reproductive 
cycles of the vertebrates are examined and an at- 
tempt is made to analyze those factors which are 
thought to determine, control or affect them. This 
is an interesting, up-to-date summary, with a 
glossary, a list of species discussed, a list of 203 
references, and an index. 


GENETICS AND THE ORIGIN OF SPECIES. 
3rd ed. (revised). By Theodosius Dobzhansky. 
Columbia University Press, New York, 1951: x 
+ 364, illus. $5.00.—The ten years since the appear- 
ance of the second edition of this work has, in 
Dobzhansky’s words, “proved to be the most fruit- 
ful decade in the history of evolutionary thought 
since the appearance of Darwin’s classic in 1859.” 
There is now a common language spoken by geneti- 
cists, systematists, paleontologists, ecologists, em- 
bryologists and comparative anatomists interested 
in evolutionary problems. Only the fields of physi- 
ology and biochemistry still remain relatively little 
influenced by the evolutionary approach. This new 
edition is entirely rewritten; it is of wide scope, 
penetrating, and stimulating, and takes its place 
as a classic which should be at the elbow of all 
students of systematic biology. It is the best book 
in its field in the English language and will repay 
careful study by every biologist. 


SOME REACTIONS OF PELAGIC FISH TO 
LIGHT AS RECORDED BY ECHO-SOUNDING. 
British Ministry Agr. and Fish., Fishery Inv., 
Ser. 2, 17 (1), 1952: 1-20, figs. 1-14. 4s—Shoals 
of sprats and herrings show a diurnal migration 
which varies in different areas of the North Sea. 
This migration, up at night and down during the 
day, takes place in both feeding and non-feeding 
fish. Downward movement is associated with in- 
crease in light intensity, the fish remaining within 
a certain light intensity during the day. There 
appears to be a definite level at which the shoals 
remain during the night; specific gravity is a likely 
causal factor. Upward movement of the herring 
shoal, above that of the night level, immediately 
precedes the downward movement associated with 
increasing light at dawn. A similar upward move- 
ment is seen at dusk before the shoals settle to their 
night level. 
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EprroriaL Notes anp News 


Society HE Society-owned set 
owned set of Coprera which is in 
of Copeia custody of the Editor-in- 


Chief is presumably com- 
plete to date. This set, for the years 1913 to 1951, 
inclusive, is now bound, complete with covers, in fif- 
teen volumes, in green, water-proof Buckram, hand 
sewed, gold lettering, and each volume carries the 
name of the Society. Cost of binding was $46.90. 
The set includes the following numbers and indexes, 
bound in the following order: Nos. 1-13; Index to 
date (Dec. 31, 1914); Nos. 14-25; Index 1913, 
1914, 1915 (Feb., 1916); Nos 26-51; Index 1913 to 
1917 (Dec., 1917); Nos. 52-64 (No. 64 contains 
index for 1918); Nos. 65-76 (No. 76 contains index 
for 1919); Nos. 77-89 (No. 89 contains index for 
1920); Nos. 90-101 (No. 101 contains index for 
1921); Nos. 102-113 (No. 113 contains index for 
1922); Nos. 114-125 (No. 125 contains index for 
1923); Nos. 126-137; Index for 1924; Nos. 138- 
149; Index for 1925; Nos. 150-152; Supplement to 
No. 152 (March 25, 1926), Eric Knight Jordan; 
Nos. 153-161; Index for 1926; Nos. 162-165; 
Index for 1927; Nos. 166-169; Index for 1928; Nos. 
170-173; Index for 1929; (from 1930 to date, 
CopeiA has appeared as four numbers per year) 
1930-1936, each No. 4 contains index for the year; 
1937-1938, each No. 4 contains index for the year 
and table of contents for the year (in binding, each 
table of contents was separated from No. 4 and 
inserted before No. 1 for the respective year) ; 1939- 
1951, each No. 4 contains index for the year, and 
accompanying each No. 4 is a separate table of 
contents for the year (these separate tables of con- 
tents are bound in front of the respective numbers). 
The Society-owned set is bound into volumes, as 
follows: Nos. 1-173 (1913-1929) in four volumes, 
and 1930-1951 (two years per volume) in eleven 
volumes. 


Ichthyology at 
the Philadelphia 
Academy 


R. Rospert R. Harry, 
who recently received 
his doctorate from Stanford 
University, has been ap- 
pointed Assistant Curator of Fishes at the Academy 
of Natural Sciences of Philadelphia. A grant from 
the Catherwood Foundation, of Bryn Mawr, Penn- 
sylvania, has enabled the Academy to expand and 
develop its Fish Department. Facilities for housing 
specimens have been considerably augmented by 
the installation of steel shelving and the transfer 
of materials to a much larger storage room. 
Henry W. Fow er is continuing work on his 
compendium entitled A Classification of Fish-like 


Vertebrates, which he is illustrating. The illustrations 
include many drawings of the skeletons of fishes 
prepared in the 1800’s by Joser Hyrtt in Austria, 
and later purchased by E. D. Core and left to the 
University of Pennsylvania. The text and drawings 
for the first volume are completed and much has 
been done toward the second volume, with material 
ahead for others. Fossil as well as Recent forms are 
included and the number of volumes is not yet 
predictable. 


Exchange of HE American Society of 
Scientific Ichthyologists and Her- 
Journals petologists is frequently in- 


vited by institutions and 
other scientific societies to exchange Coperra for 
another journal, usually exotic. Since the Society 
does not maintain a library, it has never been able 
to take advantage of these invitations. Yet the 
exchanges seem most desirable since they would 
result, generally, in an increased exchange of litera- 
ture and, specifically, in a wider distribution of 
Cope. Since these results are so desirable and since 
the Society, itself, is unable to participate directly, 
the following procedure is suggested. Exchange 
offers received by the Society to date are listed 
below, and will be so listed in the future. Any mem- 
ber who would like to receive, personally, the journal 
offered should write to the Secretary. The member 
entering into the exchange will assume the respon- 
sibility of supplying Copera to the group or individ- 
ual desiring the exchange. Such an exchange will be 
billed as a foreign membership, at $4.50, if the 
exchange journal is not domestic. This privilege is 
available to members only. (This is, essentially, a 
subsidy by the Society in order to disseminate 
CoperA more widely.) After initial contact has been 
established through the Secretary, the member and 
the exchange journal will make their own continuing 
arrangements; the Secretary serves merely as a 
clearing house. 

The following exchange offers are now in the 
Secretary’s hands. Items which are already in 
possession of the Secretary are indicated by an 
asterisk (*). 

1. * Bulletin of the Faculty of Fisheries, Hokkaido 
University. Vol. 2, Nos. 1-4, 307 pp., 1949-1952 
(June to June basis). (Eight articles in English; 
25 articles in Japanese with English summaries.) 

2. Sarawak Museum Journal, Kuching. Prospectus 
is for papers on fishes and turtles off the shores of 
Sarawak and North Borneo. 

3. * Journal of the Tokyo University of Fisheries, 


288 


Vol. 3 
lish; 


6. * 
Fishet 
article 


ik 
sity, | 
5.* 
Kyotc 
No. 1, 
summ 
Resea 
pp. iC 
News 
notes 
ment 
} Socie 
him h 
| ment 
by ine 
} Dr 
ford 
of Ar 
Dr 
Biolog 
Direct 
to hi 
gradu 
at the 
Dr 
Assist 
after 
| in Ko 
Dr 
with 
gan, 2 
Zoolo; 
Dr 
fellow 
study 
Méxic 
| a sabl 
Unive 
The 
Inst. 
| meyer 
from 
sity 
of th 
by fi 
Dr 
of Fi 
Colles 

|_| 


EDITORIAL NOTES AND NEWS 289 


Vol. 38, No. 1, 1951. 86 pp. (Seven articles in Eng- 
lish; one in French.) 

4. * The Science Reports of the Tohoku Univer- 
sity, Vol. 19, No. 2, 1951, 53 pp., Sendai, Japan. 
Fourth Series, Biology. (Seven articles in English.) 

5.* Memoirs of the College of Agriculture, 
Kyoto University, No. 59, 1951, Fisheries Series, 
No. 1, Kyoto, Japan. 81 pp. (Six articles in English.) 

6. * The Journal of the Shimonoseki College of 
Fisheries, Vol. 1, No. 1, Japan, 1949. 118 pp. (One 
article in English; ten in Japanese with English 
summaries.) 

7.* Bulletin of Hokkaido Regional Fisheries 
Research Laboratory, Fisheries Agency, Nos. 1-2, 
pp. 100, 1951, Japan. (Seven articles in Japanese 
with English Summaries.) 


News 
notes 


N July 29, Dr. Witt1am 

BEEBE became Direc- 
tor Emeritus of the Depart- 
ment of Tropical Research, New York Zoological 
Society. His many, many friends in the ASIH wish 
him happiness and continued success in his retire- 
ment which undoubtedly will not be characterized 
by inactivity. 

Dr. Hernpon G. Dow ine, formerly of Haver- 
ford College, has joined the staff of the University 
of Arkansas as Assistant Professor of Biology. 

Dr. ARNOLD B. GrosMan, Associate Professor of 
Biology, University of Florida, has been appointed 
Director of the Florida State Museum. In addition 
to his new duties he will continue his work with 
graduate students and will teach occasional courses 
at the University. 

Dr. Joun Kisy has returned to his post as 
Assistant Professor of Biology, University of Florida, 
after a year and a half’s service with the Air Force 
in Korea. 

Dr. James A. Peters has resigned his position 
with the Museum of Zoology, University of Michi- 
gan, and has accepted one with the Department of 
Zoology, Brown University. 

Dr. Cart L. Husss has received a Guggenheim 
fellowship for assistance in completing a long-time 
study of the freshwater fishes of Northeastern 
México. He plans to spend part of the summer and 
a sabbatical leave for the fall semester, 1952, at the 
University of Michigan. 

The life history of the walleye in Michigan, Bull. 
Inst. Fish. Res. No. 3, 1950, 99 pp., by Paul Esch- 
meyer, has been reprinted and is available for $1.00 
from the Institute for Fisheries Research, Univer- 
sity Museums Annex, Ann Arbor, Michigan. Most 
of the initial stock of the bulletin was destroyed 
by fire in the Michigan State Office building. 

Dr. GrorcE K. Rem, formerly of the University 
of Florida, is now Assistant Professor of Biology, 
College of William and Mary. 


Dr. L. C. Stuart, Institute of Human Biology, 
University of Michigan, returned early in September 
after an 8-month continuance of his herpetological 
studies in Guatemala. 

Dr. Erich WAGLER of Muenchen, outstanding 
authority on the biology and systematics of corego- 
nids, died last year. 

Dr. WitHELM Nimann, formerly of the In- 
stitut fiir Seenforschung, Langenargen a. Bodensee, 
is now with the new Turkish Hydrobiological 
Institute. His address is Istanbul-Bebek, Insirah 
Sokak 38, Turkey. 

Joun T. Nicuots, Curator of Fishes at the Ameri- 
can Museum of Natural History, retired on June 
30, 1952, but will continue his work at the Museum. 

Paut S. Martin, Museum of Zoology, Univer- 
sity of Michigan, was awarded a National Science 
Foundation fellowship to continue work on his 
doctoral problem: an analysis of tropical animal 
habitats in northeastern México related to reptile 
and amphibian distribution patterns. Mr. MARTIN 
will revisit southern Tamaulipas and adjacent San 
Luis Potosi, February through June, 1953. 

Since 1939, when Dr. SHiceHO TANAKA retired, 
Dr. Toxrmaru ABE has been in charge of the fish 
collections of the Zoological Institute of Tokyo 
University. He also works at Tokaiku Suisan Ken- 
kyujo [East Sea Fisheries Reserve Laboratory], 
Tsukishima, Kyobashi, Tokyo, Japan. Dr. ABE 
has been engaged in studies of the Tetraodontidae 
and other fishes of Japan. 

Arrangements for a two-months expedition to the 
Galfpagos Islands, 500 miles west of Ecuador, to 
collect data and fish specimens relative to the prob- 
lems of poisonous fishes, shark attacks, and other 
noxious marine animals, have been made by Douglas 
Oil Company of California PREsmENT WoopROW 
KRIEGER, sponsor, and Dr. Bruce HatsTEeapD and 
associates at the Loma Linda (California) School of 
Tropical and Preventive Medicine. The expedition 
party of 14 was scheduled to leave Los Angeles 
November 25 aboard Mr. KRIEGER’s 96-foot yacht 
OBsERVER, which will serve as a floating base for 
the investigations and collections. Investigative 
activities are under the direction of Dr. HALSTEAD, 
ichthyologist, who already has conducted similar 
investigations in the Marianas, Phoenix, Line and 
other island groups in the Pacific. The over-all inves- 
tigations are being sponsored by research grants 
from the U. S. Public Health Service and Office of 
Naval Research. Scientists assisting Dr. HALSTEAD 
are JEANNE BUNKER, NORMAN BUNKER, and LEON- 
ARD Kuninosv, all of the Loma Linda School of 
Tropical and Preventive Medicine. Scientific pic- 
tures will be shot by Don Ottis, nationally known 
professional photographer. The expedition to the 
Galdpagos later will proceed along the coasts of 
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northern Chile, Per4, Ecuador, Panamé and other 
Central American areas. 

The editors wish to thank Mrs. HEten T. 
GaicE for assistance in the preparation of the index 
for 1952. 


Financial Grateful acknowledgment is 
aid made to Mr. Tuomas OEL- 

ricH for defraying the cost 
of the cut of the habitat plate illustrating his paper 
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in this issue, and to Tulane University for financial 
aid in the publication of the Cacze article. 


Annual 
meeting, 1953 


The 1953 annual meeting of 
the American Society of Ich- 
thyologists and Herpetolo- 
gists will be held in New York City, April 22 to 
26. The Board of Governors will meet on April 
22. Dr. Ross NiGRELLI is Local Chairman. 
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New names and their principal references are printed in bold face type 


Abudefduf, 40 
Acantharchus pomotis, 269 
Acanthodactylus grandis, 21 
tristrami orientalis, 21 
Acanthosphex, 45 
Acipenser fulvescens, 201 
Acris, 185 
crepitans, 15-16, 18-19, 185 
aculeatus, Halieutichthys, 40-41 
acuminatus, Eques, 39 
adamanteus, Crotalus, 113, 280 
aeneus, Aneides, 195, 282-83 
aepyptera, Lampetra, 98-99, 268 
Aequidens coeruleopunctatus, 44 
aestivalis, Pomolobus, 40 
aestivum, Chlorosoma, 284 
Aetobatus narinari, 44 
affinis, Chimaera, 129 
Gambusia affinis, 263 
Pituophis catenifer, 281 
afuerae, Decapterus, 6 
agalma, Lampropeltis, 153, 163 
Lampropeltis multicincta, 163 
Lampropeltis zonata, 156, 158-60, 163-64 
31-32 
alcorni, 31, 32 
callidryas, 32 
dacnicolor, 32 
moreleti, 32 
Agama ruderata, 21 
aggregata, Cymatogaster, 41, 146 
agilis, Lacerta, 37 
Agkistrodon, 272 
contortrix laticinctus, 280 
mokeson, 188, 280 
halys, 271 
piscivorus, 280 
rhodostoma, 271 
agrifolia, Quercus, 162 
Ahlia egmontis, 40 
alascanus, Sebastodes, 140 
albida, Makaira, 145 
albifrons, Dipsas, 279 
Albula vulpes, 39 
alcorni, Agalychnis, 31, 32 
alepidotus, Peprilus, 270 
aleutianus, Sebastodes, 138-39, 141 


Allanetta araea, 40 
alliacea, Mabuya mabouya, 185-87 
Alligator, 67 
Allomycterus jaculiferus, 145 
Alosa sapidissima, 40 
alpinus, Salvelinus, 207 
altivelis, Sebastodes, 141 
alutus, Sebastodes, 140, 142 
amaenus, Brachyorrhos, 113 
amaura, Lampropeltis doliata, 280 
Ambloplites rupestris, 86 
amblops, Hybopsis amblops, 97 
amblyrhynchus, Hemicaranx, 270 
Amblystoma aterrimum, 183 
microstomum, 195 
Ambystoma, 30 
annulatum, 115 
jeffersonianum, 178, 182 
maculatum, 178-80, 181-82, 278 
texanum, 195 
tigrinum, 178, 191, 235 
tigrinum, 278 
Ameiurus, 102 
lacustris, 102 
natalis, 85, 269 
natalis, 83 
nebulosus, 40, 84, 263 
marmoratus, 269 
nigricans, 102 
Ameiva, 284 
ameiva ameiva, 284 
ameiva, Ameiva ameiva, 284 
americana, Morone, 40, 85, 200 
americanus, Ammodytes tobianus, 145 
Bufo terrestris, 191 
Esox, 269 
Pseudopleuronectes, 206 
Amia calva, 269 
Amiurus borealis, 102 
nigricans, 102 
Ammodytes tobianus americanus, 145 
amoena, Carphophis, 188 
Amphibolurus, 64, 66-70 
cristatus, 64, 68-69 
pictus, 69 
rufescens, 69 
Amphigonopterus, 41 
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cial Anacharis canadensis, 83 Atractaspis, 278 
analis, Clinocottus, 151 engaddensis, 278 
analostanus, Notropis, 40 atromaculatus, Semotilus atromaculatus, 97 
Anchoa naso, 44 atrox, Crotalus, 280 
Anchovia rastralis, 44 attenuatus, Batrachoseps, 273-74 
g of Ancistrus chagresi, 43 atun, Thyrsites, 145 
Ich- andersoni, Opisthotropis, 46-47 audens, Menidia, 205 
olo- Aneides, 282-83 auratus, Carassius, 263 
rt } aeneus, 195, 282-83 Pagrosomus, 144-45 
et ferreus, 282-83 auriculatus, Desmognathus fuscus, 195 
\pril flavipunctatus, 282-83 Sebastodes, 141 
hardi, 282-83 auritus, Lepomis, 40, 269 
lugubris, 282-83 aurorubens, Rhomboplites, 39 
} Angelichthys ciliaris, 39 axanthus, Pseudobranchus striatus, 195 
Anguilla rostrata, 40, 269 aztecus, Penaeus, 38 
anguilla, Ictalurus, 102 azurea, Hermosilla, 42 
angulifer, Epicrates, 280 
Anisostremus virginicus, 39 babcocki, Sebastodes, 138 
annectens, Pituophis catenifer, 281 baconi, Cyprinodon, 151-52 
annularis, Pomoxis, 86, 210 Baetis, 245 
annulata, Boa, 280 bairdi, Cottus, 245-46, 248 
Lampropeltis doliata, 280 Cottus bairdi, 248 
annulatum, Ambystoma, 115 bankanensis, Rasbora, 108 
annulatus, Sphoeroides, 44 barbouri, Eunectes, 280 
Anolis, 67, 183-85 Graptemys, 223-26, 228-34 
carolinensis, 183-84, 188 Sistrurus miliarius, 48 
} anomalum, Campostoma anomalum, 97 barratti, Hololepis, 269 
Anoptichthys, 262 Basanitia gehrti, 28 
antrobius, 262 lactea, 28 
anthracinus, Eumeces, 193 Basiliscus, 67-70 
Antocha, 245 basiliscus, 64 
] antrobius, Anoptichthys, 262 basiliscus, Basiliscus, 64 
Apathya cappadocica, 21 Crotalus, 276 
urmiana, 21 Crotalus basiliscus, 280 
wolteri, 21 Bathyaploactis, 45 
Aphredoderus sayanus, 269 curtisensis, 45 
gibbosus, 39 Bathygobius, 147-48, 151-52 
j Aplodinotus grunniens, 201 ramosus ramosus, 44 
Apogon, 40-41 soporator, 148-52 
Apogonichthys, 40-41 Bathystoma rimator, 39 
approximans, Polydactylus, 44 Batrachoseps, 273 
aquatilis, Ranunculus, 244 attenuatus, 273-74 
arabicus, Lytorhynchus diadema, 22 pacificus, 272-74 
araea, Allanetta, 40 major, 273 
arborea, Hyla, 36 wrighti, 274 
Arctopsyche, 245 bdellium, Ichthyomyzon, 93, 96-97 
| arcuatus, Pomacanthus, 39 Bellophis zonatus, 153, 156 
( Arcynopteryx parallela, 245 bernardinus, Citellus lateralis, 275 
ardeola, Strongylura, 40 Beroe, 270 
argenteum, Hyperprosopon, 41 berus, Vipera, 37 
argi, Centropyge, 269 beryllina, Menidia, 40 
Argonauta, 145 Bibiocephala, 245 
argyrotaenia, Rasbora, 105-108 bilobatus, Cnemidophorus, 73 
arietans, Bitis, 271 binocularis, Dolichopteryx, 89 
Arius steindachneri, 44 bislineata, Eurycea, 277 
arizonae, Xantusia, 168-72 Eurycea bislineata, 49, 278 
armatus, Leptocottus, 151-52 Bitis, 271 
Arripis trutta, 143-45 arietans, 271 
Artemisia, 23 : bivittatus, Halichoeres, 151-52 
tridentata, 274 Python molurus, 281 
artemisiae, Peromyscus maniculatus, 26 blanchardi, Opheodrys vernalis, 191 
artesiae, Poecilichthys, 7, 14 blandingi, Emys, 279 
] Ascaphus truei, 183, 193-94 Boa annulata, 280 
aspis, Vipera, 272 enydris cooki, 280 
asterias, Urotrygon, 44 bocourti, Cranophryne, 177 
Astyanax, 263 Boiga dendrophila, 280 
mexicanus, 262 Boleosoma nigrum, 40, 269 
ruberrimus, 44 bombifrons, Scaphiopus hammondi, 24, 172-74, 278 
aterrimum, Amblystoma, 183 Bombina, 36 
atlanticus, Parathunnus, 267 bombina, 36-37 


atra, Naja naja, 280 variegata, 36 
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bombina, Bombina, 36-37 
borapetensis, Rasbora, 108 
borealis, Ameiurus, 102 
Ictalurus, 102 
Pimelodus, 99, 102 
Silurus, 101 
boreas, Bufo, 274 
Bothrops, 272 
jararaca, 272, 284 
bottae, Charina, 166 
Brachycentrus, 245 
Brachyistius frenatus, 42 
Brachylophus, 182 
fasciatus, 182 
Brachyorrhos amaenus, 113 
Brachyraphis cascajalensis, 44 
episcopi, 44 
brasiliensis, Hemiramphus, 40 
bresslaui, Crossodactylus, 28 
breviceps, Geomys, 192 
brevirostre, Phrynosoma douglassi, 25 
brevispinis, Sebastodes, 141 
brevoorti, Selene, 44 
Brevoortia tyrannus, 208-209 
brooksi, Lampropeltis getulus, 280 
Brycon petrosus, 
Bufo, 176, 281-82 
boreas, 274 
halophilus, 274-75 
bufo, 36 
cognatus, 24 
marinus, 281-82, 284 
occidentalis, 177 
quercicus, 118 
tacanensis, 176, 177 
terrestris, 118 
americanus, 191 
veraguensis, 177 
viridis, 36 
woodhousei fowleri, 15, 18-19 
woodhousei, 191 
bufo, Bufo, 36 
Bungarus fasciatus, 271 
butleri, Thamnophis, 238 


cabrilla, Serranus, 260 
Caesioperca lepidoptera, 144-45 
Calamus leucosteus, 39 
californiae, Lampropeltis getulus, 167, 280 
californica, Juglans, 162 
callidryas, Agalychnis, 32 
Calotes, 69-70 

versicolor, 69 
calva, Amia, 269 
Campostoma anomalum anomalum, 97 
canadensis, Anacharis, 83 
cancrivora, Rana, 281 
capellei, Lophotus, 207 
cappadocica, Apathya, 21 
Caprodon longimanus, 145 
Caranx platessa, 145 
Carassius auratus, 263 
Carcharhinus, 268-69 

leucas, 269 

milberti, 269 

nicaraguensis, 269 

obscurus, 269 

porosus, 268 

springeri, 269 
Carcharias taurus, 205 
Caretta caretta caretta, 115 
caretta, Caretta caretta, 115 
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carinata, Echis, 271 
carinatus, Sternotherus, 233 
carolina, Cistuda, 113 
Terrapene, 76 
carolinae, Cottus, 97 
carolinensis, Anolis, 183-84, 188 
Microhyla, 114-15, 118 
carolinus, Prionotus, "206 
Trachinotus, 203 
Carphophis amoena, 188 
carpio, Cyprinus, 201, 244 
carvalhoi, Hemipipa, 284 
cascajalensis, 44 
castaneus, Ichthyomyzon, 96 
cataractae, Rhinichthys, 97, 244-45, 247 
catenatus, Sistrurus, 281 
catenifer, Pituophis catenifer, 281 
catesbeiana, Rana, 15, 17, 114, 116, 194 
Catostomus, 265-66 
catostomus, 244 
griseus, 265-66 
commersoni, 85, 244 
commersoni, 97 
suckleyi, 265-66 
catostomus, Catostomus, 244 
catus, Silurus, 100 
caurinus, Sebastodes, 141 
celata, Cliona, 115 
centrata, Malaclemys terrapin, 74-76 
Centropristes striatus, 205 
Centropyge, 269 
argi, 269 
fisheri, 269-70 
Cepaea nemoralis, 279 
cepedianum, Dorosoma, 201 
Cephalacanthus volitans, 39 
Cetengraulis mysticetus, 44 
Cetorhinus maximus, 205 
Chaenobryttus coronarius, 256, 258, 269 
Chaenomugil proboscideus, 44 
Chaetodon, 40 
ocellatus, 39 
chaetodon, Mesogonistius, 269 
chagresi, Ancistrus, 43 
Pimelodella, 43 
Chalarodon, 182 
madagascariensis, 182 
Charina bottae, 166 
Chimaera affinis, 129 
colliei, 129 
monstrosa, 128-30, 136-37 
Chlamydosaurus, 70 
kingi, 69 
Chloroscartes, 182 
Chloroscombrus, 270 
chrysurus, 270 
orqueta, 44 
Chlorosoma aestivum, 284 
Chologaster, 39 
cornuta, 269 
papillifera, 39 
Chrysemys picta, 76 
marginata, 76 
chrysops, Lepibema, 200-201 
Stenotomus, 205 
chrysurus, Chloroscombrus, 270 
ciliaris, Angelichthys, 39 
ciliatus, Sebastodes, 142 
cinerea, Hyla, 118 
cinereus, Plethodon cinereus, 117, 277-78 
Sphaerodactylus, 187 
circumdata, Hyla, 28 
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Cistuda carolina, 113 
Citellus lateralis bernardinus, 275 
clamitans, Rana, 15, 17, 115 
clarki, Salmo, 244 
Classenia sabulosa, 245 
Clevelandia ios, 261 
Clinocottus analis, 151 
Clinostomus, 97 
Cliona celata, 115 
Cnemidophorus, 65-67, 188-89 
bilobatus, 73 
maximus, 69 
ocellifer, 284 
sexlineatus, 188 
tessellatus tessellatus, 64 
coccogenis, Notropis, 97 
cocincinus, Physignathus, 69 
Cocotropus de zwaani, 44-45 
coeruleopunctatus, Aequidens, 44 
cognatus, Bufo, 24 
collaris, Crotaphytus collaris, 64-65, 70 
colliei, Chimaera, 129 
Hydrolagus, 128, 134-35 
Coluber, 63, 189-90 
constrictor, 62-63 
constrictor, 62, 190, 279 
flaviventris, 26, 62, 189-90 
mormon, 190 
stejnegerianus, 189-90 
oaxaca, 189-90 
ortenburgeri, 189-90 
zonatus, 152 
Columbia transmontana, 267 
columbianus, Sebastodes, 138 
Sebastodes melanops, 138-39, 142 
commersoni, Catostomus, 85, 244 
Catostomus commersoni, 97 
comorensis, Oplurus cuvieri, 182 
Compsura gorgonae, 44 
confinis, Elaphe obsoleta, 280 
confluens, Natrix sinedon, 117 
conirostris, Zamenis, 189 
conjuncta, Kaloula, 281 
Constrictor constrictor constrictor, 280 
imperator, 280 
constrictor, Coluber, 62-63 
Coluber constrictor, 62, 190, 279 
Constrictor constrictor, 280 
contortrix, Heterodon, 62-63 
Contracaecum incurvum, 144 
cooki, Boa enydris, 280 
copelandi, Cottogaster, 11, 13 
cornuta, Chologaster, 269 
coronarius, Chaenobryttus, 256, 258, 269 
coronata, Tantilla coronata, 188 
Coronella multifasciata, 153, 159 
zonata, 159 
Corythophanes, 70 
cristatus, 69 i 
Cottogaster copelandi, 11, 13 
Cottus bairdi, 245-46, 248 
bairdi, 248 
punctulatus, ee 250, 254 
semiscaber, 2 
carolinae, 97 
couperi, Drymarchon corais, 280 
Crago, 202 
crameri, Sebastodes, 138-40, 142 
Cranophryne, 177 
bocourti, 177 
fastidiosa, 177 
simus, 177 
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crassilabris, Geophagus, 44 
crassus, Epicrates cenchria, 280 
crepitans, Acris, 15-16, 18-19, 185 
crispus, Potamogeton, 83 
cristatus, Amphibolurus, 64, 68-69 
Corythophanes, 69 
Triturus, 195 
croceater, Ensatina eschscholtzi, 166 
cromis, Pogonias, 38 
Crossodactylus bresslaui, 28 
dispar, 28 
ispar, 28 
grandis, 28 
fuscigula, 28 
Crotalophorus miliarius, 113 
tergeminus, 113 
Crotalus, 272 
adamanteus, 113, 280 
atrox, 280 
basiliscus, 276 
basiliscus, 280 
durissus, 113 
terrificus, 272 
horridus horridus, 188, 193, 280 
mitchelli pyrrhus, 280 
ruber ruber, 280 
terrificus, 283 
tortugensis, 280 
unicolor, 280 
viridis helleri, 280 
viridis, 188, 193, 280 
Crotaphytus, 64-67 
collaris collaris, 64-65, 70 
crucifer, Hyla, 15-16, 18-19 
Cryptobranchus, 235 
Cryptotomus ustus, 39 
crysoleucas, Notemigonus, 85 
curema, Mugil, 
curtisensis, Bathyaploactis, 45 
curtus, Python curtus, 281 
cuvieri, Oplurus cuvieri, 182 
Tro 182 
cyanellus, Lepomis, 85, 269 
cyanorum, Poecilichthys radiosus, 7-9, 10, 11-12, 
14 
Cyclopsetta guerna, 44 
Cyclorhamphus granulosus, 28 
cyclurus, Oplurus, 182 
Cymatogaster, 41, 147 
aggregata, 41, 146 
Cynops, 29-30 
Cynoscion nebulosus, 38 
Cyprinodon baconi, 151-52 
variegatus, 151 
Cyprinus carpio, 201, 244 
Cypselurus, 41 


dacnicolor, Agalychnis, 32 
Dactylometra, 270 
Dactylopterus, 41 

volitans, 40 
Damalichthys vacca, 42 
Decapterus, 

afuerae, 6 

hypodus, 5-6 

Lec 

polyaspis, 

rhonchus, 5 

sanctaehelenae, 6 

scombrinus, 6 
declivifrons, Vomer, 44 
decurrens, Libocedrus, 161 
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dekayi, Storeria, 62 
Dendroaspis viridis, 280 
Dendrobates, 28 
dendrophila, Boiga, 280 
Dermacenter, 171 
deschauenseei, Eunectes, 280 
Desmognathus, 195 

fuscus auriculatus, 195 

fuscus, 195 

de zwaani, Cocotropus, 44-45 
diadema, Lytorhynchus, 22 

Lytorhynchus diadema, 22 
Diadophis punctatus edwardsi, 49, 193 
diaphanus, Fundulus, 40 
Dibothrium manubriforme, 144 
Dicamptodon, 183, 192 

ensatus, 183, 192-93 
Diemyctylus perstriatus, 195 

viridescens louisianensis, 195 

viridescens, 195 

difficilis, Sphaerodactylus, 187 
diploproa, Sebastodes, 140, 142 
Dipsas, 279 

albifrons, 279 

variegata, 279 
Dipsosaurus dorsalis dorsalis, 69 
Disceus, 268 
dispar, Crossodactylus, 28 

Crossodactylus dispar, 28 
diversiloba, Rhus, 162 
doliata, Lampropeltis, 165-66, 191 
Dolichopteryx, 87-89 

binocularis, 89 

longipes, 87-89 
dolomieui, Micropterus, 85, 201 
Dorosoma cepedianum, 201 
dorsalis, Dipsosaurus dorsalis, 69 

Mustelus, 44 

Plethodon cinereus, 278 
dorsatus, Tomodon, 279 
dowi, Opisthopterus, 44 
Drosophila, 276 
Drymarchon corais couperi, 280 
duartei, Hyla rubra, 
dubius, Scarus, 203 
dumerili, Seriola, 209-210 
duorarum, Penaeus, 38 
durissus, Crotalus, 113 
Dytiscus, 25 


Echeneis naucrates, 206 
Echis carinata, 271 
edwardsi, Diadophis punctatus, 193 
egmontis, Ahlia, 40 
Egregia, 41 
Elaphe guttata guttata, 280 
obsoleta confinis, 280 
obsoleta, 193, 280 
quadrivittata, 280 
Elassoma zonatum, 269 
elegans, Pseudemys scripta, 76 
Thamnophis elegans, 166 


Eleutherodactylus (Hylaplesia) nigriventris, 28 


eliasae, Phyllodactylus, 21 
Elipseurus, 268 
elongatus, Sebastodes, 142 
Elosia, 28 
lateristrigata, 28 
pulchra, 27, 28 
Embiotoca, 42 
emphaeus, Sebastodes, 142 
Emys blandingi, 279 
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engaddensis, Atractaspis, 278 
Ensatina eschscholtzi, 166 
croceater, 166 
klauberi, 166 
platensis, 166 
ensatus, Dicamptodon, 183, 192-93 
ensifera, Yoldia, 202 
ensis, Sphyraena, 44 
Ephemerella doddsi, 245 
flavilinea, 245 
Epicrates angulifer, 280 
cenchria crassus, 280 
maurus, 280 
striatus, 280 
episcopi, Brachyraphis, 44 
Eques acuminatus, 39 
umbrosus, 39 
lanceolatus, 39 
eques, Thamnophis, 62-63 
Erimyzon sucetta kennerlyi, 203 
erythraea, Rana, 281 
erythronota, Salamandra, 114 
erythrurum, Moxostoma, 97 
eschscholtzi, Ensatina, 166 
Ensatina eschscholtzi, 166 
Esox americanus, 269 
lucius, 201 
niger, 269 
vermiculatus, 39 
esculenta, Rana, 35-36 
Etheostoma blennioides newmani, 97 
maculatum, 97 
zonale, 97 
Eumeces, 73 
anthracinus, 193 
schneideri princeps, 22 
striatulus, 72-73 
Eumecoides, 73 
hibbardi, 73 
mylocoelus, 73 
Eunectes barbouri, 280 
deschauenseei, 280 
murina, 280 
Eupomacentrus, 264 
leucostictus, 264 
Eurycea, 234, 282 
bislineata, 277 
bislineata, 49, 278 
griseogaster, 115 
latitans, 234 
longicauda longicauda, 39, 278 
lucifuga, 278 
multiplicata, 234 
nana, 234 
neotenes, 234-36 
pterophila, 234 
tynerensis, 234-37 
everetti, Rasbora, 105-106 
Rasbora argyrotaenia, 105-108 
evides, Hadropterus, 97 


fasciata, Iguana, 182 
Natrix sipedon, 117 
Seriola, 209-10 
fasciatus, Brachylophus, 182 
Bungarus, 271 
Halactractus, 210 
Scomber, 210 
Zonichthys, 210 
fastidiosa, Cranophryne, 177 
Felichthys panamensis, 44 
Felis, Silurus, 100 


ferreus, 
fierinen 
fisheri, 
fiski, Li 
flavesce 
flavidu: 
flavipwi 
flaviver 
flavivir 
flavovi 
fontina 
formos 
forster: 
fossor, 
fowleri 
frenatt 
fulvesc 
Fundu 
diap 
disp 
hete 
maj 
furcati 
fuscigt 
fuscon 
fuscus 
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Gam 
wiz 
Gam 
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Garm 
gehrt 
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Geo 
Geop 
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Gerrh 
mu 
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Le 
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Xa 
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Pl 
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ferreus, Aneides, 282-83 
fierinensis, Oplurus, 182 
fisheri, Centropyge, 269-70 
fiski, Lophotus, 207 
flavescens, Perca, 40 
flavidus, Sebastodes, 142 
flavipunctatus, Aneides, 282-83 
flaviventris, Coluber constrictor, 26, 62, 189-90 
flaviviridis, Hemidactylus, 21 
flavoviridis, Trimeresurus, 271 
fontinalis, Salvelinus, 1, 198, 208, 244 
formosa, Guentheridia, 44 
forsteri, Scomberesox, 144 
fossor, Ichthyomyzon, 95-98 
fowleri, Bufo woodhousei, 15, 18-19 
frenatus, Brachyistius, 42 
fulvescens, Acipenser, 201 
Fundulus, 39 
diaphanus, 40 
dispar lineolatus, 269 
heteroclitus, 148, 151 
majalis, 148, 151 
furcatus, Phanerodon, 42 
fuscigula, Crossodactylus, 28 
fuscomarginata, Hyla rubra, 27 
fuscus, Desmognathus fuscus, 195 
Pelobates, 34, 36 


Gadus lacustris, 99, 101-102 
Lota, 100 
lota, 100-101 
ogac, 199 
gagei, Ichthyomyzon, 95-98 
gairdneri, Salmo, 198, 244, 247 
galacturus, Notropis, 97 
Gambelia, 64-68 
wizlizenii wizlizenii, 64, 69 
Gambusia, 263 
affinis affinis, 263 
Gammarus, 39 
Garmannia paradoxa, 44 
gehrti, Basanitia, 28 
gentilis, Lampropeltis doliata, 165-66, 191 
Geomys breviceps, 192 
Geophagus crassilabris, 44 
germo, Thunnus, 140 
Gerrhonotus coeruleus principis, 276 
multicarinatus webbi, 276 
getulus, Lampropeltis, 167 
gibbosus, Aphredoderus sayanus, 39 
Lepomis, 40, 83-84, 269 
gilberti, Sciaena, 38 
Xantusia, 168, 172 
Girella nigricans, 42 
Glossosoma, 245 
glutinosus, Plethodon, 115, 195 
Plethodon glutinosus, 195, 278 
Gopherus polyphemus, 188 
gorgonae, Compsura, 44 * 
graciosus, Sceloporus, 166 
grandiceps, Stenodactylus, 21 
grandidieri, Oplurus, 182 
grandis, Acanthodactylus, 21 
grandis, Crossodactylus dispar, 28 
granulosa, Taricha, 30 
granulosus, Cyclorhamphus, 28 
Triturus, 29, 183 
Graptemys, 223, 225-28, 232-33 
barbouri, 223-26, 228-34 
kohni, 223, 228 
oculifera, 224-27, 230, 233 
pseudogeographica, 226-28 
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pulchra, 223-25, 227-34 
kohnii, 227 

versa, 226 
gratiosa, Hyla, 196 
greeleyi, Ichthyomyzon, 95-98 
griseogaster, Eurycea, 115 
griseus, Catostomus catostomus, 265-66 
grobmani, Plethodon glutinosus, 195 
Grossularia, 23 
grunniens, Aplodinotus, 201 
grylio, Rana, 118, 194-95 
guatemalensis, Roeboides, 44 

Ungaliophis, 281 
Guentheridia formosa, 44 
guerna, Cyclopsetta, 44 
guttata, Elaphe guttata, 280 
Gymnachirus texae, 39 
Gymnodactylus scaber, 21 
Gyrinophilus porphyriticus porphyriticus, 48-49 


Hadropterus evides, 97 
nigrofasciatus, 269 
scierus, 11, 13 
haemachatus, Hemachatus, 26, 280 
Haideotriton wallacei, 234 
Halactractus fasciatus, 210 
Haldea valeriae valeriae, 193 
Halichoeres bivittatus, 151-52 
Halieutichthys aculeatus, 40-41 
halophilus, Bufo boreas, 274-75 
halys, Agkistrodon, 271 
hammondi, Scaphiopus, 172, 174-75 
Scaphiopus hammondi, 172-75 
hannah, Ophiophagus, 271, 280 
hardi, Aneides, 282-83 
Plethodon, 282 
Harengula humeralis, 40 
thrissina, 44 
Haustor, 102 
haydeni, Thamnophis radix, 26 
Helicops schistosus, 280 
helleri, Crotalus viridis, 280 
Heimis, 245 
Femachatus, 271 
haemachatus, 26, 280 
Hemicaranx, 270 
amblyrhynchus, 270 
Hemidactylium scutatum, 193, 278 
Hemidactylus flaviviridis, 21 
mabouia, 284 
persicus, 21 
turcicus turcicus, 47 
Hemipipa carvalhoi, 284 
Hemiramphus brasiliensis, 40 
intermedius, 144-45 
henshawi, Salmo clarki, 198 
Xantusia, 168-72 
Heptagenia, 245-46 
Hermosilla azurea, 42 
herrerae, Lampropeltis, 153, 163 
Lampropeltis multicincta, 154, 160 
Lampropeltis zonata, 156, 158, 163-64, 167 
heteroclitus, Fundulus, 148, 151 
Heterodon, 25-26, 63 
contortrix, 62-63 
nasicus, 25-26 
nasicus, 25 
platyrhinos, 25-26 
platyrhinos, 188 
simus, 26, 196 
hibbardi, Eumecoides, 73 
hildebrandi, Scarus, 203 
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hispidus, Stephanolepis, 205 
Tropidurus torquatus, 283 
holbrooki, Scaphiopus holbrooki, 48, 192 
Holbrookia texana, 67 
Holoaden luderwaldti, 28 
Hololepis barratti, 269 
Hoplurus, 182 
horridus, Crotalus horridus, 188, 193, 280 
hubbsi, Ichthyomyzon, 93, 94-98 
hudsonius, Notropis, 40 
humeralis, Harengula, 40 
Huro, 185 
hurteri, Scaphiopus holbrooki, 192 
Hybopsis amblops amblops, 97 
storeriana, 204 
watauga, 97 
Hydrolagus colliei, 128-29, 134-37 
Hydromantes, 282-83 
platycephalus, 282-83 
Hydropsyche, 245 
Hydrosaurus, 70 
Hyla, 196 
arborea, 36 
cinerea, 118 
circumdata, 28 
crucifer, 15-16, 18-19 
gratiosa, 196 
rubra, 27 
duartei, 27 
fuscomarginata, 27 
rubra, 27 
septentrionalis, 117-18 
squirella, 117-18 
versicolor, 115 
x-signata, 27 
Hypentelium nigricans, 97, 269 
Hyperprosopon, 42 
argenteum, 41 
hypodus, Decapterus, 5-6 
Hyporhamphus unifasciatus, 205 


Ichthyomyzon, 93, 96, 98 

bdellium, 93, 96-97 

castaneus, 96 

fossor, 95-98 

gagei, 95-98 

greeleyi, 95-98 

hubbsi, 93, 94-98 

unicuspis, 96-97 
Ictalurus anguilla, 102 

lacustris, 99, 102 

punctatus, 100-102 

borealis, 102 
punctatus, 102 

idahoensis, Plethodon, 183 
Iguana fasciata, 182 

tuberculata, 119 
Imostoma shumardi, 14 
imperator, Constrictor constrictor, 280 
incurvum, Contracaecum, 144 
intermedius, Hemiramphus, 144-45 
intermontanus, Scaphiopus hammondi, 172-75 
introniger, Sebastodes, 142 
ios, Clevelandia, 261 
Isoperla, 245 


jaculiferus, Allomycterus, 145 
araraca, Bothrops, 272, 284 
jeffersonianum, Ambystoma, 178, 182 
effreyi, Pinus, 274 

Jenkinsia lamprotaenia, 40 

Jenynsia, 147 

Jenynsia (Fitzroya) lineata, 147 
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jordani, Tetraprion, 47 
Juglans californica, 162 
Juncus, 24, 26 
Juniperus, 23 


Kaloula, 281 
conjuncta, 281 
kennedyi, Lytorhynchus diadema, 22 
kennerlyi, Erimyzon sucetta, 203 
kingi, Chlamydosaurus, 69 
Kishinoella tonggol, 211 
klauberi, Ensatina eschscholtzi, 166 
Taricha, 30 
Kleiwegia, 45 
knoblochi, Lampropeltis, 165 
kohni, Graptemys, 223, 228 
kohnii, Graptemys pulchra, 227 


Labidesthes sicculus, 205 
vanhyningi, 269 
lacepedei, Lophotus, 206-207 
Lacerta agilis, 37 
mabouya, 186 
lacertina, Siren, 195 
Lachesis muta, 272, 283 
Lachnolaimus maximus, 39 
lactea, Basanitia, 28 
lacustris, Ameirus, 102 
Gadus 99, 101-102 
Ictalurus, 99, 102 
Lota lota, 100, 102, 207, 244 
Villarius, 102 
laevis, Oxyglossus, 281 
Lamna nasus, 205 
lamottei, Lampetra, 203 
Lampetra aepytera, 98-99, 268 
lamottei, 203 
Lampropeltis agalma, 153, 163 
calligaster rhomboma,ulata, 188 
doliata, 165-66, 191 
amaura, 280 
annulata, 280 
gentilis, 165-67 
triangulum, 188 
getulus, 167 
brooksi, 280 
californiae, 167, 280 
herrerae, 153, 163 
knoblochi, 165 
multicincta, 154, 156, 159-60, 162-63 
agalma, 163 
herrerae, 163 
multicincta, 154, 160 
pyrrhomelaena, 165 
multicincta, 154, 156, 159-60, 162 
ruthveni, 165 
triangulum, 193 
zonata, 152-60, 162-67 
agalma, 156, 158-60, 163-64 
herrerae, 156, 158, 163-64, 167 
—— 153-54, 156, 158, 160-61, 164, 166, 
2 


X zonata, 156, 158 
multifasciata, 153, 156, 158-61, 163-64, 166 
parvirubra, 156, 158, 160, 161, 164, 166 
pulchra, 153, 156, 158, 161, 162, 163-64 
zonata, 154, 156, 158-60, 162, 164, 166 
lamprotaenia, Jenkinsia, 40 
lanceolatus, Eques, 39 
Masturus, 200 
laterale, Leiolopisma, 276 
lateristrigata, Elosia, 28 
Rasbora, 107 
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Lichan 
Limulu 
lineata, 
lineolat 


= 
| 
littoral 
Loligo, 
longica 
Sala 
longim 
longipe 
Lopho 
cape 
fiski 
lace 
Lota, 
lota 
| la 
{ Lota, 
lota, 
Lot 
louisiz 
Tri 
lucifu; 
luciod 
lucius 
luder\ 
lugub 
lustri 
| Lyce 
| Lycoc 
Lycoc 
Lym 
Lyto1 
| 
| mabc 
mabc 
Mi 
| M 


66, 


laticinctus, Agkistrodon contortrix, 280 
latitans, Eurycea, 234 
laurina, Rhus, 162 
lecontei, Rhinocheilus lecontei, 281 
Leiolopisma laterale, 276 
Lepibema chrysops, 200-201 
lepidoptera, Caesioperca, 144-45 
Lepisosteus osseus, 201 
Lepomis, 185 
auritus, 40, 269 
cyanellus, 85, 269 
gibbosus, 40, 83-84, 269 
macrochirus, 86, 201 
macrochirus, 92, 255, 258 
purpurescens, 269 
marginatus, 269 
microlophus, 269 
punctatus punctatus, 269 
leptacanthus, Schilbeodes, 269 
Leptocottus armatus, 151-52 
Leptodactylus ocellatus, 284 
pentadactylus, 284 
leucas, Carcharhinus, 269 
leucorhynchus, Rhinobatos, 44 
leucosteus, Calamus, 39 
leucostictus, Eupomacentrus, 264 
leurynnis, Prosopodasys, 45 
Libinia, 115 
Libocedrus decurrens, 161 
Lichanura roseofusca roseofusca, 280 
Limulus, 115 
lineata, Jenynsia (Fitzroya), 147 
lineolatus, Fundulus dispar, 269 
littoralis, Malaclemys terrapin, 74 
Loligo, 144-45 
longicauda, Eurycea longicauda, 39, 278 
Salamandra, 113 
longimanus, Caprodon, 145 
longipes, Dolichopteryx, 87-89 
Lophotus, 206-207 


capellei, 207 
fiski, 207 


lota, 36, 102 
lacustris, 100, 102, 207, 244 
maculosa, 102 
Lota, Gadus, 100 
lota, Gadus, 100-101 
Lota, 36, 102 
louisianensis, Diemyctylus viridescens, 195 
Triturus viridescens, 115 
lucifuga, Eurycea, 278 
luciodus, Notropis, 97 
lucius, Esox, 201 
luderwaldti, Holaden, 28 
lugubris, Aneides, 282-83 
lustricolus, Pseudobranchus striatus, 195 
Lycengraulis poeyi, 44. 
Lycodes palearis, 201-203 
Lycodopsis pacificus, 202 
Lymnaea palustris, 24 
Lytorhynchus diadema, 22 
arabicus, 22 
diadema, 22 
kennedyi, 22 
mesopotamicus, 22 


mabouia, Hemidactylus, 284 
mabouya, Lacerta, 186 

Mabuya, 185-87 

Mabuya mabouya, 185-87, 284 
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Mabuya 
aurata septemtaeniata, 22 
mabouya, 185-87 
alliacea, 186-87 
mabouya, 185-87, 284 
sloani, 186 
unimarginata, 186 
maccoyi, Thunnus, 211 
macrocarpa, Pseudotsuga, 161 
Macrochelys temmincki, 232 
macrochirus, Lepomis, 86, 201 
Lepomis macrochirus, 92, 255, 258 
Macropinna, 88-89 
macropterus, Neothunnus, 210-11 
macropus, Opthalmopelton, 87-89 
maculatum, Ambystoma, 178-80, 181-82, 278 
Etheostoma, 97 
maculatus, Scomberomorus, 44 
Trinectes, 40 
maculosa, Lota lota, 102 
maculosus, Necturus maculosus, 192-93, 278 
madagascariensis, Chalarodon, 182 
magister, Sceloporus, 67 
majalis, Fundulus, 148, 151 
major, Batrachoseps pacificus, 273 
Makaira albidae, 145 
mitsukurii, 143, 145 
Malaclemys, 74, 223 
terrapin, 74-76 
centrata, 74-76 
littoralis, 74 
pileatus, 74 
terrapin, 74-76 
X centrata, 75 
maliger, Sebastodes, 141 
Mallotus, 190 
malma, Salvelinus, 196-97, 207-208 
manubriforme, Dibothrium, 144 
marginata, Chrysemys picta, 76 
marginatus, Lepomis, 269 
Schilbeodes marginatus, 269 
marinus, Bufo, 281-82, 284 
Petromyzon, 203 
marmoratus, Ameiurus nebulosus, 269 
Masticophis, 189-90 
flagellum piceus, 280 
testaceus, 280 
Masturus, 200 
lanceolatus, 200 
maurus, Epicrates cenchria, 280 
maximus, Cetorhinus, 205 
Cnemidophorus, 69 
Lachnolaimus, 39 
melanoleuca, Naja, 280 
melanoleucus, Pituophis melanoleucus, 281 
melanops, Sebastodes, 138-39 
Sebastodes melanops, 138-39, 141 
Menidia audens, 205 
beryllina, 40 
Mesembryanthemum, 171 
Mesogonistius chaetodon, 269 
mesopotamicus, Lytorhynchus diadema, 22 
mexicanus, Astyanax, 262 
Microhyla carolinensis, 114-15, 118 
olivacea, 114 
microlepidotus, Sceloporus grammicus, 276 
microlophus, Lepomis, 269 
Micrometrus, 41 
minimus, 42 
Microperca microperca, 11 
roeliaris, 13 
microperca, Microperca, 11 
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Micropterus dolomieui, 85, 201 
salmoides, 201 
microstomum, Amblystoma, 195 
Micrurus, 272 
mipartitus, 37 
milberti, Carcharhinus, 269 
miliarius, Crotalophorus, 113 
miniatus, Sebastodes, 139, 141 
minimus, Micrometrus, 42 
minor, Sternotherus, 232 
mipartitus, Micrurus, 37 
mitsukurii, Makaira, 143, 145 
mobilensis, Pseudemys floridana, 232-33 
mokeson, Agkistrodon contortrix, 188, 280 
Mola mola, 200, 206 
mola, Mola, 200, 206 
mollis, Schilbeodes, 269 
molurus, Python molurus, 281 
Monacanthus, 40 
monstrosa, Chimaera, 128-30, 136-37 
montanus, Poecilichthys whipplei, 7-9 
mordax, Osmerus, 201 
moreleti, Agalychnis, 32 
mormon, Coluber constrictor, 190 
Morone americana, 40, 85, 200 
Moxostoma erythrurum, 97 
poecilurum, 43 
Mugil curema, 44 
multicincta, Lampropeltis, 154, 156, 159-60, 162-63 
Lampropeltis multicincta, 154, 160 
— pyrrhomelaena, 154, 156, 159-60, 


Lampropeltis zonata, 153-54, 156, 158, 160-61, 
164, 166, 280 
X zonata, 156, 158 
Ophibolus getulus, 153-54 
multifasciata, Coronella, 153, 159 
— zonata, 153, 156, 158-61, 163-64, 


multiplicata, Eurycea, 234 
Murex, 43 

murina, Eunectes, 280 
murphyi, Trachurus, 5 
Mustelus dorsalis, 44 

muta, Lachesis, 272, 283 
mylocoelus, Eumecoides, 73 
mysticetus, Cetengraulis, 44 
mystinus, Sebastodes, 142 


Naja melanoleuca, 280 
naja, 271, 280 
atra, 280 
nigricollis, 280 
nivea, 271, 280 
tripudians, 271 
naja, Naja, 271, 280 
nana, Eurycea, 234 
narinari, Aetobatus, 44 
nasicus, Heterodon, 25-26 
Heterodon nasicus, 25 
naso, Anchoa, 44 
nasus, Lamna, 205 
natalensis, Rhynchohyalus, 188 
natalis, Ameiurus, 85, 269 
Ameiurus natalis, 83 
Natrix, 63, 223, 279 
sipedon, 62 
confluens, 117 
fasciata, 117 
pictiventris, 62 
pleuralis, 116-17 
sipedon, 62, 193 
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naucrates, Echeneis, 206 
nebulosus, Ameiurus, 40, 84, 263 

Cynoscion, 38 

Sebastodes, 141 
Necturus, 192, 235 

maculosus, 192-93 

maculosus, 191, 278 

nemoralis, Cepaea, 279 
neotenes, Eurycea, 234-36 
Neothunnus macropterus, 210-11 
nereus, Typhlotriton, 115, 234 
nerka, Oncorhynchus, 198 
Netuma platypogon, 44 
newmani, Etheostoma blennioides, 97 
nicaraguensis, Carcharhinus, 269 
niger, Esox, 269 
nigricans, Ameiurus, 102 

Amiurus, 102 

Girella, 42 

Hypentelium, 97, 269 

Pimelodus, 102 
nigricollis, Naja, 280 
nigrita, Pseudacris, 24-25, 191 


nigriventris, Eleutherodactylus (Hylaplesia), 28 


nigrocinctus, Sebastodes, 141 
nigrofasciatus , Hadropterus, 269 
nigromaculatus, Pomoxis, 86 
nigrum, Boleosoma, 40, 269 
nivea, Naja, 271, 280 
notata, Uma, 67 
Notechis scutatus, 272 
Notemigonus crysoleucas, 85 
Notophthalmus, 29-30 
Notropis analostanus, 40 

coccogenis, 97 

galacturus, 97 

hudsonius, 40 

luciodus, 97 

spectrunculus, 97 


oaxaca, Coluber, 189-90 
obscurus, Carcharhinus, 269 
obsoleta, Elaphe obsoleta, 193, 280 
ocellata, Sciaenops, 38 
ocellatus, Chaetodon, 39 
Leptodactylus, 284 
ocellifer, Cnemidophorus, 284 
occidentalis, Bufo, 177 
Roeboides, 44 
occipitomaculata, Storeria, 191 
Storeria occipitomaculata, 49, 193 
oculifera, Graptemys, 224-27, 230, 233 
odoratus, Sternotherus, 76 
ogac, Gadus, 199 
Oligoplites saurus, 44 
olivacea, Microhyla, 114 
Oncorhynchus, 199 
nerka, 198 
Opheodrys vernalis, 191 
blanchardi, 191 
vernalis, 191, 193 
Ophibolus getulus multicinctus, 153-54 
Ophiophagus hannah, 271, 280 
Ophiops elegans persicus, 21 
Opisthopterus dowi, 44 
Opisthotropis andersoni, 46-47 
Oplurus, 182 
cuvieri comorensis, 182 
cuvieri, 182 
cyclurus, 182 
fierinensis, 182 
grandidieri, 182 
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quadrimaculatus, 182 

saxicola, 182 

sebae, 182 

torquatus, 182 
Ophthalmopelton, 88-89 

macropus, 87-89 
Opuntia, 23 
ordinatus, Thamnophis ordinatus, 193 
orientalis, Acanthodactylus tristrami, 21 
ornata, Pseudacris, 196 
orqueta, Chloroscombrus, 44 
ortenburgeri, Coluber, 189-90 
Osmerus mordax, 201 
osseus, Lepisosteus, 201 
osteochir, Rhombochirus, 200 
Otocryptis, 70 

weigmannii, 69 
ovata, Rhus, 162 
Oxyglossus laevis, 281 


pachylepis, Thyrinops, 44 
pacificus, Lycodopsis, 202 
Batrachoseps, 272-74 
Pagrosomus auratus, 144-45 
palearis, Lycodes, 201-203 
Palinurichthys, 270 
palmipes, Rana, 284 
Paludicola, 28 
paludosus, Poecilichthys radiosus, 7-10, 11, 12-14 
palustris, Lymnaea, 24 
Rana, 116 
panamensis, Felichthys, 44 
papillifera, Chologaster, 39 
paradoxa, Garmannia, 44 
Paraleptophlebia, 246 
bicornuta, 245 
Paralichthys woolmani, 44 
Parathelandros, 168 
Parathunnus atlanticus, 267 
parietalis, Thamnophis ordinatus, 191 
parvipinnis, Poecilichthys, 7 
parvirubra, Lampiupeltis zouata, 156, 158, 160, 
161, 164, 166 
pauciperforata, Rasbora, 108 
paucispinis, Sebastodes, 141 
pectinatus, Pristis, 90 
Pelobates fuscus, 34, 36 
Penaeus aztecus, 38 
duorarum, 38 
pentadactylus, Leptodactylus, 284 
Peprilus, 270 
alepidotus, 270 
Perca flavescens, 40 
Peromyscus, 115, 189 
maniculatus artemisiae, 26 
polionotus, 188-89 
perotteti, Pristis, 90 
persicus, Hemidactylus, 21 
Ophiops elegans, 21 \ 
perstriatus, Diemyctylus, 195 
Petromyzon marinus, 203 
petrosus, Brycon, 44 
Phanerodon furcatus, 42 
hilippina, Rasbora, 105-108 
meena douglassi brevirostre, 25 
Phyllodactylus eliasae, 21 
Phyllospadix, 41 
Physa, 245-46 
Physignathus, 70 
cocincinus, 69 
piceus, Masticophis flagellum, 280 
picta, Chrysemys, 76 
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pictiventris, Natrix sipedon, 62 
picturatus, Trachurus, 5 
pictus, Amphibolurus, 69 
pileatus, Malaclemys terrapin, 74 
Pimelodella chagresi, 43 
Pimelodus borealis, 99, 102 
nigricans, 102 
pinniger, Sebastodes, 141 
pinnulatus, Decapterus, 6 
Pinus jeffreyi, 274 
ponderosa, 154, 161, 163 
pipiens, Rana, 15, 17, 25, 116, 185, 191 
Rana pipiens, 191 
piscivorus, Agkistrodon, 280 
Pisidium, 245-46 
Pituophis catenifer affinis, 281 
annectens, 281 
catenifer, 281 
sayi, 26, 193 
melanoleucus melanoleucus, 281 
Platanus racemosa, 162 
platensis, Ensatina eschscholtzi, 166 
platessa, Caranx, 145 
platorynchus, Scaphirhynchus, 204 
platycephalus, Hydromantes, 282-83 
Platynoia semitaeniatus, 283 
platypogon, Netuma, 44 
platyrhinos, Heterodon, 25-26 
Heterodon platyrhinos, 188 
Plethodon cinereus cinereus, 117, 277-78 
dorsalis, 278 
glutinosus, 115, 195 
glutinosus, 195, 278 
grobmani, 195 
hardi, 282 
idahoensis, 183 
vandykei, 183 
pleuralis, Natrix sipedon, 116-17 
Pleurodeles, 29-30 
Poecilichthys, 7 
artesiae, 7, 14 
parvipinnis, 7 
radiosus, 7-14 
cyanorum, 7-9, 10, 11-12, 14 
paludosus, 7-10, 11, 12-14 
radiosus, 8-10, 12 
spectabilis, 7, 11, 13 
squamiceps, 7 
whipplei, 7-10, 14 
montanus, 7-9 
radiosus, 7 
whipplei, 7-9 
poecilurum, Moxostoma, 43 
poeyi, Lycengraulis, 44 
Pogonias cromis, 38 
polionotus, Peromyscus, 188-89 
polyaspis, Decapterus, 5-6 
Polydactylus approximans, 44 
polyphemus, Gopherus, 188 
Pomacanthus, 40 
arcuatus, 39 
Pomacentrus, 40 
Pomolobus aestivalis, 40 
pseudoharengus, 40, 201 
pomotis, Acantharchus, 269 
Pomoxis annularis, 86, 210 
nigromaculatus, 86 
ponderosa, Pinus, 154, 161, 163 
ponticeriana, Setana, 69 
Populus, 23 
porosus, Carcharhinus, 268 
porphyriticus, Gyrinophilus porphyriticus, 48-49 
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Potamogeton crispus, 83 
Potamotrygon, 268 
princeps, Eumeces schneideri, 22 
principis, Gerrhonotus multicarinatus, 276 
Prionotus, 40 
carolinus, 206 
ruscarius, 44 
Pristis, 90, 268 
pectinatus, 90 
perotteti, 90 
proboscideus, Chaenomugil, 44 
proeliaris, Microperca, 13 
proriger, Sebastodes, 142 
Prosopium williamsoni, 109, 244 
Prosopodasys leurynnis, 45 
Prunus, 23 
Pseudacris, 25-26 
nigrita, 24-25, 191 
septentrionalis, 25 
triseriata, 18-19, 25 
ornata, 196 
Pseudemys, 232 
floridana mobilensis, 232-33 
scripta elegans, 76 
scripta, 232 
X troosti, 233 
Pseudoaleuris, 168 
Pseudobranchus, 195, 235 
striatus axanthus, 195 
lustricolus, 195 
pseudogeographica, Graptemys, 226-28 
pseudoharengus, Pomolobus, 40, 201 


Pseudopleuronectes americanus americanus, 206 


Pseudotriton ruber vioscai, 195 
Pseudotsuga macrocarpa, 161 
Pteronarcella badia, 245 
Pteronarcys californica, 245 
pterophila, Eurycea, 234 
pulchra, Elosia, 27, 28 


Lampropeltis zonata, 153, 156, 158, 161, 162, 
163-64 


pulchra, Graptemys, 223-25, 227-34 
punctatus, Ictalurus, 100-102 

Ictalurus punctatus, 102 

Lepomis punctatus, 269 

Silurus, 101 
punctulata, Rasbora, 105-107 
punctulatus, Cottus bairdi, 243-44, 250, 254 

Scarus, 39 
purpurescens, Lepomis macrochirus, 269 
pygmaea, Umbra, 269 
pyrrhomelaena, Lampropeltis, 165 
pyrrhus, Crotalus mitchelli, 280 
Python curtus curtus, 281 

molurus bivittatus, 281 

molurus, 281 
reticulatus, 281 
sebae, 281 


quadrimaculatus, Oplurus, 182 
quadrivittata, Elaphe obsoleta, 280 
quercicus, Bufo, 118 

Quercus agrifolia, 162 


racemosa, Platanus, 162 

radiosus, Poecilichthys, 7-14 
Poecilichthys radiosus, 8-10, 12 
Poecilichthys whipplei, 7 

radix, Thamnophis, 191 

ramosus, ramosus, 44 

Rana cancrivora, 2 
catesbeiana, 15, ty, 114, 116, 194 
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clamitans, 15, 17, 115 

erythraea, 281 

esculenta, 35-36 

grylio, 118, 194-95 

palmipes, 144 

palustris, 11 

pipiens, 15, ty, 25, 116, 185, 191 

pipiens, 191 

temporaria, 35 

terrestris, 35 

virgatipes, 194 
Ranunculus aquatilis, 244 
raphidoma, 40 
Rasbora, 105-106, 1 

argyrotaenia, 105-108 

everetti, 105-108 

bankanensis, 108 

borapetensis, 108 

everetti, 105-106 

lateristriata, 107 

pauciperforata, 108 

philippina, 105-108 

punctulata, 105-107 

rutteni, 108 

semilineata, 108-109 

taeniata, 107-108 

taytayensis, 105, 108-109 

trifasciata, 108 
rastralis, Anchovia, 44 
rathbuni, Typhlomolge, 234, 236 
Rattus rattus mindanensis, 282 
Remora, 200 

remora, 200 
remora, Remora, 200 
reticulata, Xantusia riversiana, 168-69, 172 
reticulatus, Python, 281 
Rhineodon, 267 

typicus, 267 

typus, 266 
Rhinichthys cataractae, 97, 244-45, 247 
Rhinobatos leucorhynchus, 44 
Rhinocheilus lecontei lecontei, 281 
Rhithrogena, 245 
rhodostoma, Agkistrodon, 271 
Rhombochirus osteochir, 200 
rhombomaculata, Lampropeltis calligaster, 188 
Rhomboplites aurorubens, 39 
rhonchus, Decapterus, 5 
Rhus diversiloba, 162 

laurina, 162 

ovata, 162 
Rhyacophila, 245 
Rhynchohyalus, 88 

natalensis, 88 
rimator, Bathystoma, 39 
riversiana, Xantusia, 168-70, 171-72 

Xantusia riversiana, 1 9 
rivularis, Taricha, 30 
robustus, Sceloporus, 70, 71-73 
Roccus saxatilis, 40 
Roeboides guatemalensis, 44 

occidentalis, 44 
rosaceus, Sebastodes, 142 
roseofusca, Lichanura roseofusca, 280 
rostrata, Anguilla, 40, 269 
ruber, Crotalus ruber, 280 
ruberrimus, Astyanax, 44 

Sebastodes, 141 
rubra, Hyla, 27 

Hyla rubra, 27 
rubrivinctus, Sebastodes, 138, 141-42 
ruderata, Agama, 21 


rufescens 
rupestris, 

Sebast 
ruscarius 
russelli, 
ruthveni 
rutteni, | 


sackeni, 
Sagittari 
Salaman 
erythr 
longic 
salar, Sa 
Salix, 23 
Salmo cl 
hen 
gairdr 
salar, 
trutta 
salmoid 
Salvelin 
alpint 
fontir 
malm 
sanctael 
sapidiss 
Saurida 
sauritus 
saurus, 
Scom 
saxatili 
saxicole 
Seba: 
sayanu: 


Scarus 


sayl, F 
scaber, 
Scaphi 
bo 
ha 
in 
holb 
h 
Scaphi 
| hild 
pun 
Scelop 
grac 
| Me 
gran 
mag 
rob 
Schilb 
mar; 
mol 
schisto 
Sciaen 
| star 
wie 
Sciaen 
scierus 
Scom 
Scom 
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Scomt 
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script 
xt 
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rufescens, Amphibolurus, 69 
rupestris, Ambloplites, 86 
Sebastodes, 142 
ruscarius, Prionotus, 44 
russelli, Vipera, 271 
ruthveni, Lampropeltis, 165 
rutteni, Rasbora, 108 


sackeni, Thamnophis sirtalis, 279 
Sagittaria, 26 
Salamandra, 29-30, 35 
erythronota, 114 
longicauda, 113 
salar, Salmo, 197, 258 
Salix, 23 
Salmo clarki, 244 
henshawi, 198 
gairdneri, 198, 244, 247 
salar, 197, 258 
trutta, 244 
salmoides, Micropterus, 201 
Salvelinus, 208 
alpinus, 207 
fontinalis, 1, 198, 208, 244 
malma, 196-97, 207-208 
sanctaehelenae, Decapterus, 6 
sapidissima, Alosa, 40 
Saurida, 40 
sauritus, Thamnophis sauritus, 238 
saurus, Oligoplites, 44 
Scomberesox, 144-45, 205 
saxatilis, Roccus, 40 
saxicola, Oplurus, 182 
Sebastodes, 142 
sayanus, Aphredoderus, 269 
sayi, Pituophis catenifer, 26, 193 
scaber, Gymnodactylus, 21 
Scaphiopus, 24, 26, 172, 278 
hammondi, 172, 174-75 
bombifrons, 24, 172-74, 278 
hammondi, 172-75 
intermontanus, 172-75 
holbrooki holbrooki, 48, 192 
hurteri, 192 
Scaphirhynchus platorynchus, 204 
Scarus dubius, 203 
hildebrandi, 203 
punctulatus, 39 
Sceloporus, 65-67, 71-72, 283 
graciosus, 166 
vandenburgianus, 276 
grammicus microlepidotus, 276 
magister, 67 
robustus, 70, 71-73 
Schilbeodes leptacanthus, 269 
marginatus, 269 
mollis, 269 
schistosus, Helicops, 280 
Sciaena gilberti, 38 
starksi, 38 
wienerl, 38 
Sciaenops ocellata, 38 
scierus, Hadropterus, 11, 13 
Scomber fasciatus, 210 
Scomberesox forsteri, 144 
saurus, 144-45, 205 
Scomberomorus maculatus, 44 
scombrinus, Decapterus, 6 
scripta, Pseudemys scripta, 232 
X troosti, 233 
scutatum, Hemidactylium, 193, 278 
scutatus, Notechis, 272 
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Sebastodes, 138-40 

alascanus, 140 

aleutianus, 138-39, 141 

altivelis, 141 

alutus, 140, 142 

auriculatus, 141 

babcocki, 138 

brevispinis, 141 

caurinus, 141 

ciliatus, 142 

columbianus, 138 

crameri, 138-40, 142 

diploproa, 140, 142 

elongatus, 142 

emphaeus, 142 

flavidus, 142 

introniger, 142 

maliger, 141 

melanops, 138-39 

columbianus, 138-39, 142 
melanops, 138-39, 141 

miniatus, 139, 141 

mystinus, 142 

nebulosus, 141 

nigrocinctus, 141 

paucispinis, 141 

pinniger, 141 

proriger, 142 

rosaceus, 142 

ruberrimus, 141 

rubrivinctus, 138, 141-42 

rupestris, 142 

saxicola, 142 

serranoides, 142 

wilsoni, 142 

zacentrus, 142 
Selene brevoorti, 44 
semicoronata, Seriola, 210 
semilineata, Rasbora, 108-109 
semiscaber, Cottus bairdi, 248-51 
semitaeniatus, Platynoia, 283 
Semotilus atromaculatus atromaculatus, 97 
septemtaeniata, Mabuya aurata, 22 
septentrionalis, Hyla, 117-18 

Pseudacris nigrita, 25 
Seriola, 209 

dumerili, 209-10 

fasciata, 209-10 

semicoronata, 210 

zonata, 39, 205, 209 
serranoides, Sebastodes, 142 
Serranus cabrilla, 260 
sexlineatus, Cnemidophorus, 188 
shumardi, Imostoma, 14 
Sibon, 279 
sicculus, Labidesthes, 205 
sierrae, Taricha, 30 
Silurus catus, 100 

Felis, 100 

(Pimelodus) borealis, 101 

punctatus, 101 
simus, Cranophryne, 177 

Heterodon, 26, 196 
sipedon, Natrix, 62 

Natrix sipedon, 62, 193 
Siren, 235 

lacertina, 195 
sirtalis, Thamnophis sirtalis, 190, 238 


: Scyliorhinus, 267 
Scyllium, 267 

sebae, Oplurus, 182 
| Python, 281 
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Sistrurus catenatus, 281 
miliarius barbouri, 48 
Sitana, 69-70 
ponticeriana, 69 
sloani, Mabuya mabouya, 186 
soporator, Bathygobius, 148-52 
spectabilis, Poecilichthys, 7, 11, 13 
spectrunculus, Notropis, 97 
spelaeus, Typhlotriton, 115, 234 
spengleri, Sphoeroides, 40 
Sphaerodactylus cinereus, 187 
difficilis, 187 
Sphagnum, 169, 171 
Sphoeroides, 40 
annulatus, 44 
spengleri, 40 
Sphyraena ensis, 44 
springeri, Carcharhinus, 269 
Squalus suckleyi, 133-34 
squamiceps, Poecilichthys, 7 
squirella, Hyla, 117-18 
starksi, Sciaena, 38 
steindachneri, Arius, 44 
stejnegerianus, Coluber constrictor, 189-90 
Zamenis, 189 
Stenodactylus, 21 
grandiceps, 21 
sthenodactylus, 21 
Stenotomus chrysops, 205 
Stephanolepis hispidus, 205 
Sternotherus carinatus, 233 
minor, 232 
odoratus, 76 
sthenodactylus, Stenodactylus, 21 
Stizostedion vitreum, 85 
vitreum, 201 
Storeria, 63 
dekayi, 62 
occipitomaculata, 191 
occipitomaculata, 49, 193 
storeriana, Hybopsis, 204 
striatulus, Eumeces, 72-73 
striatus, Centropristes, 205 
Epicrates, 280 
Strongylura ardeola, 40 
raphidoma, 40 
suckleyi, Catostomus commersoni, 265-66 
Squalus, 133-34 
symmetricus, Trachurus, 4-6 
Syngnathus, 270 
Synodus, 40 


tacanensis, Bufo, 176, 177 
taeniata, Rasbora, 107-108 
Tantilla, 188 

coronata coronata, 188 
Taricha, 29-30 

granulosa, 30 

klauberi, 30 

rivularis, 30 

sierrae, 30 

torosa, 29-30 
taurus, Carcharius, 205 
taytayensis, Rasbora, 105, 108-109 
temmincki, Macrochelys, 232 
temporaria, Rana, 35 
tenuis, Urophycis, 206 
tergeminus, Crotalophorus, 113 
Terrapene carolina, 76 
terrapin, Malaclemys, 74-76 

Malaclemys terrapin, 74-76 

X centrata, 75 
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terrestris, Bufo, 118 
Rana, 35 
terrificus, Crotalus, 283 
Crotalus durissus, 272 
tessellatus, Cnemidophorus tessellatus, 64 
testaceus, Masticophis flagellum, 280 
Tetraprion jordani, 47 
texae, Gymnachirus, 39 
texana, Holbrookia, 67 
texanum, Ambystoma, 195 
Thamnophis, 63, 237 
butleri, 238 
elegans elegans, 166 
vagrans, 26, 191 
eques, 62-63 
ordinatus ordinatus, 193 
parietalis, 191 
radix, 191 
haydeni, 26 
sauritus sauritus, 238 
sirtalis sackeni, 279 
sirtalis, 190, 238 
Thaparia, 168 
Thelandros, 168 
Thomomys, 275 
thrissina, Harengula, 44 
Thunnus germo, 140 
maccoyl, 211 
thynnus, 103-104, 205, 211 
thynnus, Thunnus, 103-104, 205, 211 
Thyrinops pachylepis, 44} 
Thyrsites atun, 145 
tigrinum, Ambystoma, 178, 191, 235 
Ambystoma tigrinum, 278 
Tinca tinca, 36 
tinca, Tinca, 36 
Tipula, 245, 247 
Tomodon dorsatus, 279 
tonggol, Kishinoella, 211 
torosa, Taricha, 29-30 
torquatus, Oplurus, 182 
Tropidurus, 182 
tortugensis, Crotalus, 280 
Trachinotus carolinus, 203 
Trachurus, 4-6 
murphyi, 5 
picturatus, 5 
symmetricus, 4-6 
transmontana, Columbia, 267 
triangulum, Lampropeltis, 193 
Lampropeltis doliata, 188 
tridentata, Artemisia, 274 
trifasciata, Rasbora, 108 
Trimeresurus flavoviridis, 271 
Trinectes maculatus, 40 
tripudians, Naja, 271 
triseriata, Pseudacris nigrita, 18-19, 25 
Triturus, 29-30, 35, 67 
cristatus, 195 
granulosus, 29, 183 
viridescens louisianensis, 115 
vulgaris, 29 
Tropidurus cuvieri, 182 
torquatus, 182 
hispidus, 283 
truei, Ascaphus, 183, 193-94 
trutta, Arripis, 143-45 
Salmo, 2 
tuberculata, Iguana, 119 
turcicus, Hemidactylus turcicus, 47 
Tylototriton, 29-30 
tynerensis, Eurycea, 234-37 


Typha, 26 
Typhlomo 
rathbur 
Typhlops, 
Typhlotri 
nereus, 
spelaeu 
typicus, I 
typus, RI 


Uma note 
Umbra py 
umbrosus 
undulatu: 
Scelopc 
Ungaliop! 
unicolor, 
unicuspis 
unifascia’ 
unimargi 
urmiana, 
Urophyci 
Urotrygo 
Ustus, C 


vacca, D 
Vacciniu: 
vagrans, 
valeriae, 
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vandyke 
vanhyni 
Varanus, 
gigant 
gouldi 
variegat: 
Dipsa: 
variegati 
veraguer 
vermicul 
vernalis, 
Ophec 
versa, G 
versicolc 
Hyla, 
Villarius 
vioscai, 
Vipera, | 
aspis, 
berus, 
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Typha, 26, 83 
Typhlomolge, 235-36 
rathbuni, 234, 236 
Typhlops, 282 
Typhlotriton, 115 
nereus, 115, 234 
spelaeus, 115, 234 
typicus, Rhineodon, 267 
typus, Rhineodon, 266 


Uma notata, 67 

Umbra pygmaea, 269 

umbrosus, Eques acuminatus, 39 

undulatus, Sceloporus, 72 
Sceloporus undulatus, 64 

Ungaliophis guatemalensis, 281 

unicolor, Crotalus, 280 

unicuspis, Ichthyomyzon, 96-97 

unifasciatus, Hyporhamphus, 205 

unimarginata, Mabuya mabouya, 186 

urmiana, Apathya cappadocica, 21 

Urophycis tenuis, 206 

Urotrygon asterias, 44 

Ustus, Cryptotomus, 39 


vacca, Damalichthys, 42 
Vaccinium, 23 
vagrans, Thamnophis elegans, 26, 191 
valeriae, Haldea valeriae, 193 
vandenburgianus, Sceloporus graciosus, 276 
vandykei, Plethodon, 183 
vanhyningi, Labidesthes sicculus, 269 
Varanus, 69 

giganteus, 69-70, 119 

gouldii, 69 
variegata, Bombina, 36 

Dipsas, 279 
variegatus, Cyprinodon, 151 
veraguensis, Bufo, 177 
vermiculatus, Esox, 39 
vernalis, Opheodrys, 191 

Opheodrys vernalis, 191, 193 
versa, Graptemys, 226 
versicolor, Calotes, 69 

Hyla, 115 
Villarius lacustris, 102 
vioscai, Pseudotriton ruber, 195 
Vipera, 272 

aspis, 272 

berus, 37 

russelli, 271 
virgatipes, Rana, 194 
virginicus, Anisostremus, 39 
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viridescens, Diemyctylus viridescens, 195 


viridis, Bufo, 36 
Crotalus viridis, 26, 280 
Dendroaspis, 280 
vitreum, Stizostedion, 85 
Stizostedion vitreum, 201 
volitans, Cephalacanthus, 39 
Dactylopterus, 40 
Vomer declivifrons, 44 
vulgaris, Triturus, 29 
vulpes, Albula, 39 


wallacei, Haideotriton, 234 
watauga, Hybopsis, 97 


webbi, Gerrhonotus multicarinatus, 276 


weigmannii, Otocryptis, 69 
whipplei, Poecilichthys, 7-10, 14 
Poecilichthys whipplei, 7-9 

wieneri, Sciaena, 38 

williamsoni, Prosopium, 109, 244 
wilsoni, Sebastodes, 142 
Winteria, 89 


wislizenii, Gambelia wislizenii, 64, 69 


wolteri, Apathya cappadocica, 21 


woodhousei, Bufo woodhousei, 191 


woolmani, Paralichthys, 44 
wrighti, Batrachoseps, 274 


Xantusia, 119, 168-70, 172 
arizonae, 168-72 
gilberti, 168, 172 
henshawi, 168-172 
riversiana, 168-72 

reticulata, 168-69, 172 
riversiana, 168-69 
vigilis, 118, 168-72 
x-signata, Hyla, 27 


Yoldia ensifera, 202 


zacentrus, Sebastodes, 142 

Zamenis conirostris, 189 
stejnegerianus, 189 

zonale, Etheostoma, 97 

zonata, Coronella, 159 
Lampropeltis, 152-60, 162-67 
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Lampropeltis zonata, 154, 156, 158-60, 162, 164, 
166 


Seriola, 39, 205, 209 
zonatum, Elassoma, 269 
zonatus, Bellophis, 153, 156 

Coluber, 152 
Zonichthys fasciatus, 210 
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